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FOREWORD 


This is the fifth Year Book of the American Iron and 
Steel Institute. 

The first Year Book gave the proceedings of the Inter- 
national meeting which began in New York on Friday, 
October 14, 1910, and was continued in Buffalo, Chicago, 
Pittsburgh and Washington. 

In 1911 the Institute held no general meetings. 

The second Year Book gave the proceedings of the two 
general meetings held in 1912, the May meeting in New 
York and the October meeting in Pittsburgh. 

The third Year Book gave the proceedings of the two 
general meetings held in 1913, the May meeting in New 
York and the October meeting in Chicago. 

The fourth Year Book gave the proceedings of the 
two general meetings held in 1914, the May meeting in 
New York and the October meeting in Birmingham. 

The present volume contains the proceedings of the 
two general meetings held in 1915, the May meeting in 
New York and the October meeting in Cleveland. 


James T’. McCueary, 
Secretary. 
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AMERICAN IRON AND STEEL 
Pivtesisha U.K 


EIGHTH GENERAL MEETING 
New York, May 28 anp 29, 1915. 


The Kighth General Meeting of the American Iron 
and Steel Institute was held at the Waldorf-Astoria 
Hotel, New York City, on Friday and Saturday, May 28 
and 29, 1915. 

Following the usual practice, three sessions were held 
on Friday. The forenoon and afternoon sessions, held 
in the Astor Gallery, were devoted entirely to the reading 
and discussion of papers. The evening session, including 
the annual dinner, was held in the Grand Ball Room. <As 
usual, papers, discussions and addresses covered ques- 
tions of metallurgy, of business and welfare work. 

On Friday the secretary had a temporary office near 
the Astor Gallery where members registered for the meet- 
ing and were provided with identification buttons and 
with programs. 

The paper read by Mr. Andrew EK. Maccoun on Blast 
Furnace Advancement, that by Mr. Charles J. Bacon on 
Waste Heat Boilers, and that by Mr. Jerome R. George 
on Merchant Rolling Mills had been printed in advance 
in pamphlet form and were distributed to members for 
the respective meetings. Dr. Noland’s paper at the 
evening session on Welfare Work of the Tennessee Coal, 
Tron & Railroad Company was illustrated by over fifty 
stereopticon views, some of which have been reproduced 
in this volume. 

At the noon recess on Friday, the members of the 
Institute were its guests at a buffet luncheon and in the 
evening at the banquet. During this recess, also, the 
Directors held a Board Meeting. 

As at previous meetings, the attendance was very 
large. 

On the next page will be found the program of the 
Friday sessions, at all of which the President of the 
Institute, Judge Gary, presided. 


FORENOON SESSION, 10:00 A. M. 
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Address by the President.............. ce cco pl aera emenate ... ELBERT H, Gary 
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Chief Engineer, Morgan Construction Company, Worcester, Mass. 


AFTERNOON SESSION, 2:00 P. M. 


The Commercial Production of Sound and Homogeneous 
eel lows cu eewniee we hs acto so iaer ents Stee EDWARD F. KENNEY 
Metallurgical Engineer, Cambria Steel Company, Johnstown, Pa. 


Disvussian’ s. 26 wnt gt eee wee ese eee ge .... HENRY M. HowE 
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Metallurgical Engineer, American Sheet and Tin Plate Company, Pittsburgh, Pa. 
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Director, The Institute of Industrial Research, Washington, D. C. 
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Director of Chemical Laboratories, Pittsburgh Testing Laboratories, Pittsburgh, Pa. 
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ADDRESS OF THE PRESIDENT 


Exsert H. Gary 
Chairman, United States Steel Corporation, New York 


On behalf of the Institute, I bid you welcome. The 
enthusiasm of the members of the Institute for the asso- 
ciation and for each other is growing and is really won- 
derful. All of us, I am sure, derive much benefit and a 
great deal of happiness by reason of our association. 

There has recently been manifested a disposition to 
blame the business men of the country for not openly and 
vigorously protesting against influences which were 
calculated to prevent the natural and reasonable progress 
of economic effort. Men of prominence and recognized 
ability have stated in unmeasured terms that it is not 
only the right but the duty of the business men to boldly 
and persistently advocate their claims and defend their 
rights. They have been charged with undue timidity for 
neglecting to appeal to the sense and fairness of the 
general public whenever assailed without good cause. 

That there has been some ground for these criticisms 
will not be doubted; but there is another side to this ques- 
tion. The business man has not been alone in his seeming 
cowardice. There are others largely responsible for the 
general conditions, and therefore under obligations to 
work for the advancement of the public interest, who have 
been reluctant to express their real convictions. Refer- 
ence is made to some of the statesmen of prominence and 
ability whose disposition for fair play is unquestioned. 
On occasions when their voices, if heard in legislative 
halls, would seem to have been influential, they have 
remained silent. 

In times gone by there have been reasons for the 
hesitancy of the business man in boldly proclaiming his 
rights. The conduct of business by many men (though 
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small in number compared with the total) has not always 
been up to the standard of propriety. This is not a new 
subject; it has been frequently adverted to by many of us 
during the last ten years. As a consequence there has 
been considerable prejudice against business interests, 
particularly the larger ones; and it has been worse 
than useless to speak in favor of the protection and 
growth of business, for the words would be ineffective. 
So it is not difficult to understand why, for a period of 
years, business men in this country suffered in silence. 


A CHANGE FOR THE BETTER. 


There is no intention at this time to modify or 
minimize anything that has heretofore been said by way 
of admission that there was need of reform in business 
methods. On the contrary, the fact should be emphasized 
that we must be honest and fair in our treatment of all 
questions submitted to our consideration and decision. 
But as I have said before more than once, there has been 
in this country a decided change for better business 
methods and, therefore, in the attitude of the general 
public toward the men in charge of business. There never 
was any such disregard of the rights of others by business 
men generally as was frequently charged. It has always 
been the effort of the large majority to be decent; but all 
suffered more or less for the misconduct of a few. How- 
ever, in recent years there has been little cause for com- 
plaint, and the general public understands and appreciates 
these conditions. 

Now the time is come when the business man, even if 
he represents large interests, may speak frankly and 
freely about any of the important questions which affect 
him or those whom he represents. When and while our 
attitude and conduct are above reproach, others will be 
willing to heed what we may say concerning any question 
in which they or we may be interested. Indeed, as hereto- 
fore suggested, the leading newspapers of the country 
have been fair and reasonable in their advocacy of what- 
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ever makes for the advancement of the economic condi- 
tions of the United States and in their opposition to the 
efforts of unwise or unthinking or vicious men to the 
contrary. What follows in my remarks will be said from 
the viewpoint of those who may be directly connected 
with and particularly interested in the consideration of 
economic questions. 

The material strength and growth of the nation is 
of high importance. Food, raiment and shelter are abso- 
lutely essential to the life and health of the individual. 
This is interwoven with all other questions. <A nation of 
individuals who are poverty-stricken has little influence 
throughout the world. It cannot add much to the happi- 
ness of its citizens. If they are deprived of the necessities 
of life they will not listen long to the advocate of mere 
morals, nor to the speaker on the stump who seeks 
political preferment. It therefore behooves every one 
occupying a position of influence to give his best thought 
and endeavor to the promotion of business success in this 
country to the fullest extent consistent with propriety. 


Some Reasons ror Lack oF:-PROSPERITY. 


Attention is called to the attitude of governmental 
agencies during the last few years toward the business of 
the country and toward its attempts to develop trade. 
Has it been wise and judicious? Has it been fair and 
reasonable? Has it been broad and unbiased, or narrow 
and prejudicial? Has it been calculated to benefit all 
citizens alike? 

With the advantages possessed by this country, on 
account of its location, climate, natural resources and 
immense wealth, it is not too much to insist that it should 
have been continuously more prosperous financially, com- 
mercially and industrially than any other nation on the 
face of the globe. Capital should have been protected, 
labor constantly employed at liberal wages, business en- 
terprise encouraged, extensions and improvements con- 
tinued without interruption, the wealth and population 
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should have increased more rapidly, and, as a result, all 
the people would have been happier and more contented 
and more generous toward each other. Moreover, the 
standing and influence of the nation throughout the world 
would have been improved. It is difficult to realize at this 
time what might have been accomplished if all the oppor- 
tunities for reasonable success had been grasped. 

But what can truthfully be said of business conditions 
in this country during the last ten years? Prosperity has 
often been interrupted; depressions have been frequent 
and severe; idleness has been noticeable and its results 
often distressing. Doubt, misfortune and fear have been 
prominent in business circles. Capital has been more or 
less timid and enterprise has hesitated. American in- 
vestors, and more particularly foreigners with funds for 
investment have doubted the value of securities, which 
under some circumstances would be considered first-class, 
and have declined to purchase, and many have sold those 
already possessed. We have been the object of sympathy, 
and sometimes of ridicule, by the intelligent HKuropean 
financiers and economists. Words might be multiplied 
to illustrate the unfavorable conditions which have pre- 
vailed. It is true that various causes, some of which have 
been removed and ought never to have existed, have had 
a direct and important influence in producing adversity. 
This applies especially to conditions which the Federal 
Reserve Act, recently passed by Congress and now in 
force, was intended to remedy. This act seems to be 
generally considered as sound and valuable even though 
some amendments may be needed. 

But the back of business has been badly bent with 
unnecessary burdens, and in fact has been near the break- 
ing point. There has been an admonition against 
‘*Rocking the Boat,’’ and we approve of the sentiment; 
but we submit the business men have not been rocking 
the boat. (Applause.) 

The opinion is ventured that lack of continuous busi- 
ness prosperity and success in this country for a number 
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of years has, in part, been the direct result of undue, ill- 
considered or unjustifiable assaults which have been made 
by governmental agencies or by the erroneous and unwise 
policies of different branches of government. The results 
have shown to a demonstration that business success has 
not been fostered or encouraged as it ought to have been; 
that the vast possibilities of the country for increase in 
wealth have not been fully utilized. On the contrary, 
instead of trying to bring about cooperation between the 
Government and the people in a determined effort to better 
the conditions of all, there has been, in a substantial de- 
gree, an open hostility to business which has paralyzed 
many of its legitimate efforts. While, as heretofore ad- 
mitted, there has been cause for complaint on the part of 
the Government, it is believed that few, if any, cases have 
been found which could not have been satisfactorily and 
properly adjusted by personal and friendly, though per- 
sistent, efforts without any open or advertised opposition 
which was certain to lessen confidence and to unfavorably 
affect large numbers in nowise connected with the matter 
in question. 

It is not intended to be specific nor to do an injustice; 
but included in the terms used are speeches by men in 
office, the passage of laws that were discriminatory and 
others that were unwise or insufficient, investigations by 
committees appointed by Congress and legislatures, and 
by various departments and bureaus of government, in- 
cluding grand juries whose services were brought into 
action on special occasions by the Department of Justice. 
You who are present will make application of what has 
been said to individual acts, so far as the facts may war- 
rant. Whether or not it is justified, there has been a 
feeling on the part of a large portion of the people of the 
United States, and also those of foreign countries, that 
there has not been a well-defined and persistent policy to 
cooperate with and to promote the interests of the busi- 
ness man to the full extent reasonable; and on the con- 
trary, that the policies of some of the governmental 
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agencies, both national and state, in their effect at least, 
have been to interfere with, to delay and obstruct natura] 
progress; to punish and destroy rather than to regulate 
and encourage. (Applause.) 


GovERNMENT SHOovLD ENcouraGE Business ENTERPRISE. 


The time seems to be opportune, first, to reiterate that 
the business men throughout the country must give no 
cause for complaint in the management of their affairs, 
but must continue to live up to the standards of pro- 
priety; and, second, to insist that on those conditions the 
governments, with all their agencies and influences, shall 
cooperate with the business interests and aid them in 
establishing credit, in extending commerce, in increasing ~ 
capacity, in the development of natural resources, in add- 
ing to the comfort of themselves and those with whom 
they may be connected and for whose welfare they are 
more or less responsible... If this shall be the recognized 
effort of the national and state Governments, what can 
we not properly say of the value of our property, of our 
future prosperity, the position of our credits, the stability 
of good conditions and the standing of our nation? And 
this attitude on the part of governments, we believe the 
people of this country are demanding and have a right to 
demand; and they will not be satisfied with less. 

The people of foreign countries locate in the United 
States because, among other reasons, it is to their 
pecuniary benefit. The workingmen come here because 
they can obtain higher wages and better treatment. The 
employers have been doing what they could to justify the 
good opinions which the workmen have held; and so those 
in official authority must do everything practicable and — 
proper to assist the employer. It will be difficult enough 
for productive interests in America, including both capital 
and labor, to compete successfully with foreign producers 
where governmental protection and assistance are af- 
forded and labor is cheap, if we receive the cooperation 
which we claim we are entitled to. 
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Room ror Improvement 1n GovERNMENTAL BusINEss 
MeErTHops. 

Again, may we not claim there is ground for improve- 
ment in the business methods of the national, state and 
municipal Governments throughout this country? There 
have been expenditures that were extravagant or useless, 
aggregating millions; unnecessary positions have been 
created ; the number of incumbents multiplied; money has 
been paid out for decoration and display and for enter- 
_tainment and personal comfort that were not appropriate 
nor justified in a country like ours, which should set an 
example for economy and efficiency; appropriations have 
been made for local improvements in order to secure 
personal patronage; also, to cover the expenditures of 
committees appointed by legislative branches and the 
Departments of Justice to pay for investigations, secret 
service, special counsel, etc. Some of the committees 
have devoted day after day to the examination of wit- 
nesses and the development of facts that were long before 
made public, thus adding without good reason to the 
enormous cost of printing the voluminous record. It is 
only necessary to hint at the uncalled-for expenditures of 
money, for you are all more or less familiar with them. 
Some day an enterprising newspaper will make such 
inquiry and examination as will enable it to publish, for 
the benefit of the reading public, the amounts of money 
which have been wasted by mismanagement, negligence or 
something worse. There is reason for believing that the 
estimate made by the late Senator Aldrich, of the amount 
which could be saved annually by the Government of the 
United States, if its affairs were conducted on a business 
basis, was conservative. 

It is believed if the business methods of Te United 
States Government and of its branches and departments 
were as careful and economical as those of many of the 
corporations whose presidents are listening to me at this 
time, hundreds of millions would be annually saved to 
the people of this country, portions of which are sadly 
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needed for other necessary purposes. Is it too much to 
ask that hereafter there be elected as legislators and 
officials of power none except those who possess, with 
other qualifications, business ability? 

The stockholders of a corporation have no voice for 
the moment in the direction of corporate affairs, but their 
influence is nevertheless potential. So the masses of the 
people, represented by what is called public sentiment, 
sooner or later determine the policies of government; and 
they are at present protesting against wastefulness and 
extravagance and insisting upon the careful management 
and strict economy prevailing in the conduct of private 
affairs. 

Neep or Berrer Nationat DEFENSE. 

In discussing questions relating to national expendi- 
ture, none of us would advocate limiting the amount re- 
quired to be paid for the protection of the country, or the 
promotion of the welfare of the people. Disbursements 
of this character are not extravagant. We are rich, and, 
by the continuance of a proper policy, the wealth of the 
nation will rapidly increase, and we can, therefore, afford 
to expend whatever is actually necessary. This is true 
economy, and in the end results in a great saving of 
capital. 

Apropos to this subject, it may be said we should 
create and maintain an adequate army and navy. Weare 
deficient in this respect. We have an effective navy, but 
its capacity is much below the standard that should be 
maintained. There have been differences of opinion in 
Congress whenever the question of enlarging the army 
and navy has been presented for discussion, and no 
doubt all those giving expression to their conclusions have, 
intended to be honest. However, it is possible that not 
uncommonly a member of Congress has been willing to 
vote for a large appropriation to provide a local improve- 
ment in which he was particularly interested and at the 
same time has opposed the building of an additional ship 
or the equipment of another regiment. 
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We should especially maintain a better navy—one 
equal, at least, in every respect to that of any other nation. 
So far as the army is concerned, a comparatively small 
number of regular troops together with a large force of 
reserves, properly trained, with adequate supplies for use 
in times of emergency, such as General Wood and others 
advocate, would probably be sufficient. But we should be 
prepared at all times to protect our borders on the sea and 
also our commerce wherever it extends. The nation with 
- an inadequate navy must always labor at a great disad- 
vantage with respect to its commerce in times of trouble, 
or even in times of peace. The protection of our property 
and our business is essential, and can only be secured if 
we maintain a large navy, which shall include the most 
efficient personnel and the very best of ships and equip- 
ment. Itis not necessary to recall the many reasons for a 
large navy. There is apparent unanimity of opinion at 
present that we should proceed in this direction system- 
atically and vigorously. We have been inexcusably 
negligent in this respect. Business men generally have 
favored every proposed appropriation for this purpose. 

After the troubles growing out of the European 
war are over, there will be a general struggle, however 
good-natured, for export business. Our exports should 
materially increase, and large numbers of ships flying the 
American flag should be placed in service, and they will 
be if appropriate governmental encouragement is ex- 
tended. Ownership by the Government is not alluded to. 
We must not remain in a position which permits the navy 
of any other individual country to dominate the seas. 
Whatever the disposition and intention of the rulers of 
other nations or those in high authority may be, there 
would be occasions when arbitrary action by local officials 
coming in contact with those pecuniarily interested in a 
special question, precipitated by circumstances, might be 
very detrimental to the interests of an American mer- 
chantman involved. We have reached a position of great 
power throughout the world, and this will be even more 
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potential if we are prepared physically to make good our 
assertions in favor of the fair treatment of all matters we 
are called upon to decide. We must demand and insure 
the right to transport our goods freely across the seas, 
and further, that all seaports shall be kept open for the 
delivery and receipt of every merchantable commodity. 
Our country must never provoke controversy nor act 
from selfish or immoral motives. We love peace and we 
hate war, but under present conditions, which it is to be 
hoped may speedily change, we must be prepared to 
defend our rights. We will be just and even generous, 
but we will not shirk obligations we are under to ourselves 
or to others. Without an adequate navy we may expect 
to be sneered at by other nations in time of crisis. Even 
this we might endure; but some time, when least expected, 
we may be imposed upon beyond endurance. We should 
keep the olive-branch extended in front so long as pos- 
sible, but when it is smitten from our hands without cause 
or provocation by an unfriendly power that seeks to 
destroy us, we should, so long as present methods are in 
vogue, be prepared to protect ourselves. (Applause.) 


Our NormaL TRADE witH Countries Now at War. 


The business relations between the United States and 
foreign countries before and after the war are important 
to be considered at this time in connection with the par- 
amount topic of the day, namely, the attitude which 
should be assumed and maintained by this country. The 
business men are tremendously interested in this ques- 
tion, and it is growing and will continue to grow in 
importance during the next few months. Figures bearing 
upon this subject are illuminating and instructive. The 
commerce between the United States and Austria~Hun- 
gary, Belgium, France, Germany, Great Britain, Italy, 
and Russia in Europe, respectively, for the fiscal years 


ending June 30, 1910, to June 30, 1914, inclusive, were in 
round numbers, as follows: 
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Austria-Hungary 


Italy 


weer ee ee eee 


POLO ae eye 


ES IND ite Sener oleh 


ee 


Exports to 


$14,962,731 
19,514,787 
22,388,930 
23,320,696 
22,304,654 


$102,491,798 


$41,116,585 
45,016,622 
51,387,618 
66,845,462 
59,506,535 


$263,872,822 


$117,627,466 
135,271,648 
135,388,851 
146,100,201 
155,591,287 


$689,979,453 


$249,555,926 
287,495,814 
306,959,021 
331,684,212 
341,875,820 


$1,517,570,793 


$505,552,871 
576,613,974 
564,372,186 
597,149,059 
590,387,927 


$2,834,076,017 


$53,467,053 
60,580,766 
65,261,268 


76,285,278 


73,737,526 
$339,331,891 


$16,789,930 
23,524,267 
21,515,660 
25,363,795 
30,039,887 


$117,233,539 


Imports from 


$17,408,910 
16,958,099 
16,713,794 
19,192,414 
20,110,834 


$90,384,051 


$40,059,281 
37,084,743 
41,677,418 
41,941,014 
41,035,532 


$201,797,988 


$132,363,346 
115,414,784 
124,548,458 
136,877,990 
141,446,252 


$650,652,830 


$168,805,137 
163,242,560 
171,380,380 
188,963,071 
189,919,136 


$882,310,284 


$271,029,772 
261,289,106 
272,940,700 
295,564,940 
293,661,304 


$1,394,485,822 


$49,868,367 
47,334,809 
48,028,529 
54,107,364 
56,407,671 


$255,748,740 


$16,196,154 
11,004,164 
20,666,923 
26,958,690 
20,831,184 


$95,657,115 


Balance Exports 
over Imports 


$2,446,179 
2,556,688 
5,675,136 
4,128,282 
2,193,820 


$12,107,747 


$1,057,304 
7,931,879 
9,710,200 
24,904,448 
18,471,003 


$62,074,834 


$14,735,880 
19,856,864 
10,840,393 
9,222,211 
14,145,035 


$39,328,623 


$80,750,789 
124,253,254 
135,578,641 
142,721,141 
151,956,684 


$635,260,509 


$234,523,099 
315,324,868 
291,431,486 
301,584,119 
296,726,623 


$1,439,690,195 


$3,598,686 
13,245,957 
17,232,739 
22,177,914 
17,329,855 


$83,585,151 


$593,776 
12,520,103 
848,737 
1,594,895 
9,208,703 


$21,576,424 
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Thus it will be seen that, for a period of five years, 
the total business so far as reported between the United 
States and all of these countries, in money value, aggre- 
gated $9,435,593,143, and the balance of exports over 
imports amounted to $2,293,623,483. 

We would be dull of conception if we failed to compre- 
hend the importance of these trade relations; and any 
act on our part which might tend to sever the connections, 
or any of them, or to interfere with their natural growth, 
should be condemned as unworthy and unintelligent. For 
many years we have been striving to cultivate a spirit of 
friendship and confidence with our brethren across the 
seas, because, among other reasons, we realize it is for our 
pecuniary benefit. This has been especially true of the 
iron and steel interests, and, except for unreasonable and 
partisan criticisms, not necessary now to locate, much 
could have been done along legitimate lines to make 
further progress in the establishment of a permanent 
international basis of business friendship, which would 
be of advantage to all and of injury to none. It is suff- 
cient to say that our trade with foreign nations has been 
increasing, with prospects for more rapid and larger 
advances and with the expectation of the balances in 
favor of the United States becoming augmented from 
year to year.. I do not, of course, refer to the volume of 
business at the present time, for it is abnormal. 


Wuen Prace SuHatt Have Rerurnen. 


The belligerent nations involved in the tragedy of 
tragedies are passing through a cataclysm of destruction 
of life and property. Their losses in both respects are 
beyond our knowledge and even our comprehension. 
Devastation, misery and suffering are beyond description ; 
even those connected with the participants by ties of 
relationship or otherwise have slight comprehension of 
the suffering that is being endured; and we at this dis- 
tance cannot imagine the ruin, damage, pain and dis- 
tress which are entailed. After the swords are sheathed 
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and the guns are stacked; after the hideous noises of 
battle have ceased and the nations now involved in des- 
perate struggle are ready for settlement, they will be 
confronted with many most difficult problems, the solu- 
tion of which will require time and patience, so that the 
natural progress toward rehabilitation will be impeded. 
The people, as distinguished from the rulers, will have a 
voice in bringing the war to a close and in the settlements 
which are to be made. The doctrine of ‘‘the divine right 
of kings’’ will be only a recollection. It is a good guess 
' that many kings and kingdoms will be occupying space 
on the Transition Slide. 

But after all differences are adjusted, the nations now 
or to be engaged in this colossal conflict, though terribly 
crippled, will take a new start and in many respects a new 
course, and will begin immediately to build on a better 
and firmer and more permanent basis for success and 
high achievement in everything that adds to national 
wealth, power, energy and enterprise. These nations will 
not remain inactive or despondent or indifferent. We 
shall see the most active and persistent efforts to rebuild 
and extend and to succeed in the international race for 
supremacy that the world has ever witnessed. From 
adversity will come greater prosperity than ever before. 
From necessity will spring thought and study and effort 
that will enable the survivors to reach greater heights of 
success than has been supposed to be within the reach 
of humankind. The peoples of all the different countries, 
suffering in their thoughts of the past, will be inspired 
to greater exertions in their efforts for the future. It is 
not too much to believe that, after the close of the war, 
there will be a feeling almost universal that there must 
be established and maintained a court of arbitration— 
simple, comprehensive, effective and permanent—that 
will secure the adjustment of all future differences with- 
out any protracted or general contest by armed forces. A 
majority of the nations will, to use an ordinary paradox, 
‘¢secure and maintain peace if they have to fight for it.’’ 
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Now, what should the United States prepare for? If 
we conduct our affairs properly, if we make the most of 
our opportunities, if we cooperate with one another, if 
the Government and governmental agencies and the busi- 
ness people are allies one with the other, we shall become 
stronger and richer and more potential in our influence, 
and we shall be able to take a place in the van of nations, 
progressing toward results more satisfactory than ever 
before. I made the statement long before the war, and I 
have made it since, that we might become the leading 
nation in finance, commerce and industry. I have recently 
read statements by financiers that we already occupy 
this position. I do not quite agree with this claim, not- 
withstanding what has occurred in Europe during the last 
year; that is, I do not think we are thus permanently 
established; but it seems certain that we may accomplish 
this result if we properly conserve our resources. We may 
hold either a primary or a secondary place, depending 
upon the wisdom, energy and discretion of our people. 
Much depends upon our management of affairs. There 
has never in the history of the world been so great a 
necessity for wise and disinterested statesmanship or for 
loyal and honorable conduct on the part of the practical 
business men as at present. Will we do our part? Are 
we ready to devote our time, our attention and our 
energies in the performance of our patriotic duty? 


We Must Marnrain Our NeEvurRALiry. 


In connection with this subject, it is natural to con- 
sider the question of neutrality on the part of our nation 
toward each of the belligerent nations. Probably all of 
us will agree that, up to the present time, the attitude of 
the President with respect to this question has been 
- admirable. He has shown himself to be a true patriot 
and a wise statesman. In my opinion, the United States 
has not been called upon to do or to say anything with 
reference to the war or any of the participants which has 
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not been said or done. Every duty devolving upon the 
United States has been performed. We may have sym- 
pathies or prejudices or notions concerning specific acts 
or expressions on the part of some or many of the foreign 
nations, but, in my judgment, they have not required and 
do not require any act or expression on our part which 
has not been done or made. We have fulfilled every obli- 
gation imposed upon us by all treaties or agreements 
expressed or implied. When the questions which have 
been discussed and the final and logical conclusion shall 
have been reached in the light of all the evidence, includ- 
ing the full history of the transactions involved, I think 
it will be found my statement is fully justified. It 
is to be hoped, and I think we may expect, that nothing 
will occur to disturb the international relations existing 
at the present time between the United States and each 
of the foreign nations. It is unthinkable that we should 
become involved in war with any of the foreign countries 
at this time. We have no inclination, nor have we the 
ability, to engage in war. We can prepare, and we should 
prepare as rapidly as possible, so that if obliged to defend 
ourselves we cannot be overcome. Some of the belligerent 
nations are now suffering because their soldiers are not 
furnished with adequate equipment or supplies. They 
were not prepared at the beginning of hostilities, perhaps 
because war was not expected; but even so, they probably 
did not immediately after war was declared use the dili- 
gence required to supply their necessities as they now 
appear. We may learn by their misfortunes. But war 
should be the last resort. When the present combat shall 
have ceased we must be on a friendly footing with all | 
the nations. If our financial and business conditions are 
such as we claim they may and ought to be, we may be 
profitable customers of each of the foreign nations, in 
supplying our necessities and comforts, and they in turn 
will patronize us. There will be, no doubt, vigorous com- 
petition, and the foreign nations will do their utmost to 
secure and retain the trade of agricultural countries who 
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are large importers of manufactured products. However, 
it is not active competition we fear, provided we are prop- 
erly protected by our Government. All we need and all 
we ask is an open field and a fair chance, on an equal 
basis, to compete with all nations for a reasonable share 
of the world’s business. We extend to the people of all 
foreign countries the hand of business friendship, and 
we ask for their friendship in return. And we ask for 
similar reciprocal relations between the leading political 
forces of the United States and ourselves to the full 
extent that we deserve. : 

Competition with cooperation is desirable. Competi- 
tion is, or should be, healthful; but cooperation, which 
benefits all concerned and injures none, is perfection of 
economic health and progress. Argument in favor of 
competition, without recognition of the principle of co- 
operation, is theoretic and academic, and is neither wise 
nor practical. : 

In the last analysis, the conclusion will be reached by 
the vast majorities that the best interests of the peoples 
of all nations will be promoted if the present international 
equilibrium is substantially preserved. The destruction 
of any nation would be detrimental to the best interests of 
all others. 


Trt Bustness OuTLooK. 


I will add a few words in regard to present business 
conditions. As you know, during the last three years I 
have not been especially encouraged as to the immediate 
future, but as to the long future I have been a consistent 
optimist, for reasons which have been given from time to 
time. Assuredly we may build our hopes and expecta- 
tions on the opportunities which this country offers. It 
seems to me at the moment the outlook for improvement 
in our lines of activity are better than they have been for 
more than a year. This is undoubtedly in part the result 
of increased exportations at fair prices, due to the 
Huropean wars, but in my opinion also because of a 
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change in sentiment toward business, which now seems 
apparent. 

The captain of industry is again to be popular in the 
United States, and this has been brought about by the 
efforts of business men to satisfy the public in regard to 
their reasonable demands. The individual, or aggrega- 
tion of individuals, or the nation, whose standard of 
conduct conforms to the golden rule will on the average 
secure the largest pecuniary success. 

The clouds of distress, suspicion and hostility are 
_ breaking. In the rift we may see the sunlight of better 
things and better conditions. (Applause.) 

In closing I quote from the speech of Mr. Robinson at 
Chicago in presenting for your consideration a design, 
afterward adopted by you as the seal of this Institute, 
the sentiments of which influence all of our deliberations : 

‘<TIn its detail this seal shows you the sword and the 
spear transfused by the alchemy of wisdom into the plow- 
share and the pruning-hook. 

‘<The crucible represents the birth of steel, the steel of 
War and the steel of Peace; but these simply surround 
the central motif, the Spirit of Cooperation symbolized 
by the bird of Immortality, the Phenix, rising from the 
ashes of Discord, Enmity and Strife into the rays of 
Enlightened Life. 

‘In its finality, the seal, bound by the sturdy oak and 
wreathed with leaves of olive, forms, perhaps, a fitting 
laurel to the strength of unity and the gospel of 
cooperation.’’ (Applause.) 

Presipent Gary: The directors of this Institute de- 
cided they would give more opportunity at this meeting, 
if not at all meetings in the future, to discuss the ad- 
dresses that are to be made or the papers that are to be 
read, and I suggested that it would be only fair to allow 
people to take a fling, so to speak, at the President’s 
address, as he did not assume to have the right to express 
the sentiments of the whole body. And so opportunity 
is going to be given you now to discuss briefly, if you 
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please, the address which the President has made, and 
I will ask any one who will be willing to say something 
to take up the subject and say what he pleases about it. 


Discussion By Wiis L. Kine 


Vice-President, Jones & Laughlin Steel Company, 
Pittsburgh. 


It seems almost out of place for me, Mr. Chairman, 
to criticize your calm, judicial and many-sided exposition 
of the conditions all over the world. I must confess, how- 
ever, that there have been many times, in the last few 
years, when I felt that the business men of this country 
were remiss in not telling to the great public some of the 
handicaps they labored under. I am satisfied now that 
yours was the right policy, partly, I think, because I be- 
lieve we are nearly at the end of our troubles. If I have 
any criticism to make of the President’s paper, I would 
say that he is less optimistic than he might be, even of 
the near future. The conditions seem to me wonderfully 
ripe for an early resumption of business; in fact, I think 
the turn has come. For the first time in our history we can 
say that we have the world for a market. That is one 
great thing; and, I believe, even after the war, we will 
retain very many of the markets we are getting now. In 
the second place, the financial conditions and the increas- 
ing balance of trade are assured, but, best of all, the crops 
promise the largest harvest in our history for many 
years. ‘Taking all those things into consideration, I be- 
lieve we may be not only conservatively hopeful but 
optimistic. (Applause.) 

Presipent Gary: Are there others? Do not hesitate, 
gentlemen; we shall be very glad to hear from any of 
you. (After a pause. We shall now have a paper on 
Blast Furnace Advancement by Mr. Andrew E. Maccoun. 


i 


BLAST FURNACE ADVANCEMENT 
A. E. Maccoun 


Superintendent of Edgar Thomson Furnaces, Carnegie Steel Company 


In the last few years many very interesting and 
- instructive papers by blast furnace operators have been 
written describing various details of this subject, and 
read before the American Iron and Steel Institute, the 
American Institute of Mining Engineers, and other tech- 
nical societies. These studies for the most part are de- 
voted to separate details; consequently it is impossible 
for me in a short space of time to review the entire 
subject as thoroughly as it should be covered. 

The historical development of the blast furnace and 
the theory of the process have been touched on very 
briefly, as these have been fully covered in the technical 
literature devoted to the subject. 

I have, however, endeavored to cover briefly some of 
the important details that are of interest to blast furnace 
operators, but under the sections devoted to the ‘‘ Balance 
Sheet of a Blast Furnace,’’ and to ‘‘The Use and Theory 
of Hot Blast,’’ I have elaborated more or less, and given 
extracts from two very complete tests made under the 
supervision of the Operating Department of the Kdgar 
Thomson Furnaces of the Carnegie Steel Company. This 
has been done not only because I consider these tests in 
themselves especially interesting, but because they em- 
phasize the importance of combining the various thermal 
processes in series in the final summary, ‘‘Muture 
Developments in Blast Furnace Practice.”’ 

The production of iron in the blast furnace is at 
the present time the most efficient of all metallurgical 
processes in the utilization of heat, but we may look for 
a still further increase in this efficiency in the future. 


30 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


One of the most important factors from which we are 
to obtain this increased efficiency is in the maximum 
utilization of the energy contained in the blast furnace 
gases, and it is to this part of the subject in particular 
that we will devote most of this study. 

Greater efficiency in the use of blast furnace gases, 
new labor-saving machinery, and devices for obtaining 
more regular operation, such as distribution, greater 
uniformity of material, blast, etc., will not only help to 
increase and improve the product, but will also decrease 
the cost of production, as these conditions go hand in 
hand. ‘To obtain these results is the aim of all blast 
furnace managers. 


RAW MATERIALS FOR USE IN THE BLAST 
FURNACE. 


To obtain successful blast furnace practice too much 
importance cannot be given to the uniformity, both 
chemical and physical, of all the materials entering into 
the manufacture of iron. This includes not only ore, 
coke, and limestone, but the blast used for the furnace as 
well. It is very important that the moisture content of 
the air be low, and at the same time uniform, in order to 
obtain regular results. 


Tron OREs. 


The ores of the Lake Superior District, Bessemer and 
non-Bessemer, of the Marquette, Menominee, Gogebic, 
Vermillion, and the Mesaba ranges, while varying in 
some respects, are as a rule similar in contents, physical 
characteristics, and structure. It is this class of ores, 
known as fine ores, upon which our experience in the 
Pittsburgh District has been principally based. In 
studying this paper it is well to keep this in mind, as 
some of the conditions described would no doubt be 
different on furnaces using a different class of raw 
materials. 

The desirability of an ore for a blast furnace is based 
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on the percentages of its various ingredients, physical 
characteristics and structure, lump value, density, 
porosity, availability, and to some extent on its degree 
of oxidation. The percentage of natural iron content is 
the important governing factor in all ore values, while 
the amount of moisture contained in the natural state has 
considerable bearing on the ultimate cost. If the material 
is to be transported to any distance, this point is so 
important that in some cases it is very profitable to dry 
the ore before shipment from the mines. 

The quantity of rich ores available is decreasing, 
leaving leaner ores, which are not so desirable. Great 
progress is being made in the preliminary treatment of 
these materials by the various concentrating processes. 
Iron ores are now washed which a short time ago did not 
seem amenable to this process; ores that contain ex- 
cessive water have their moisture removed by drying; 
the magnetic concentration of magnetites is being done at 
very low cost; also pneumatic concentration of haematites 
is being commercially accomplished and will be still 
further developed. Some of these products can be used 
directly in the blast furnace without further treatment, 
but when too fine they must be either briquetted, nod- 
ulized, or sintered by some of the well-known processes. 
Important savings are being made in the treatment of 
blast furnace flue dust, which was formerly a waste 
product, by means of all of these various processes, so 
that in modern practice there should be comparatively 
small losses from this source. It is impossible, however, 
to go into this interesting subject further, as it is a study 
in itself. Great progress has been made in mining, mix- 
ing, and classifying the various Lake Superior ores, 
depending on their different contents and physical struc- 
ture. Progress along these lines is very important, and 
helps to greater uniformity in blast furnace practice. 
Frequently there are large variations in ores from the 
same mine. MN 

Large lumps of ore should be crushed as they injure 
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distribution and very often arrive at the tuyeres in an 
unreduced state, requiring an excessive amount of carbon 
for direct reduction. Nor is it advisable to have ores of 
different degrees of oxidation in the same burden. How- 
ever, it is often profitable to use a limited amount of 
materials hard to reduce in the burden, such as the 
various kinds of cinders, etc., but such are used only on 
account of their low cost, or when operating conditions 
indicate that their use will benefit the furnace locally. 


Buast F'uRNACE CokKE. 


Every effort is being made to attain low fuel economy 
in blast furnace practice by perfecting distribution, fur- 
nace lines, and improving the quality of coke, ore, and 
limestone used in the burden. 

Fixed Carbon is alone efficient as fuel in a blast 
furnace. 

A great proportion of our blast furnace trouble comes 


from the use of dirty coke or coke of poor quality. The . 


former condition is always due to carelessness in its 
manufacture; too much stress cannot be given to this 
point. Coke should be thoroughly screened at the ovens 
as well as at the furnace bins. It is foolish to expect to 
get fuel value out of coke breeze and the small dirty 
screenings which accompany poorly prepared coke. 

Coke dust contains a large proportion of the ash, 
sulphur, phosphorus, and other impurities contained in 
the coke, and on account of its fineness and its tendency 
to cause a furnace to scaffold adds additional irregulari- 
ties to furnace operations. As the amount of dust 
received with shipments of coke is not constant, but 
varies greatly at times, it is impossible to properly bur- 
den the furnace to offset the effects of this objectionable 
material. The impurities in the coke dust, therefore, are 
detrimental to the quality of iron produced and the coke 
practice, as well as making the furnace work irregularly, 
causing slipping, ete. 

Some analyses of coke dust are given below. From 
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these results it can be seen that this material is very bad 
and utterly unsuited to obtain uniformity in blast furnace 
practice. 

ANALYSIS OF Dry CoKE Dust. 


Fixed Carbon. Volatile Matter. Ash. Sulphur. 
68.60% 3.00% 28.40% 961% 
71.40 3.20 25.40 1.125 
71.15 3.25 25.60 1.250 


As mentioned before, only the fixed carbon is efficient 
for a blast furnace, and not all of that, because the ash 
of the fuel needs to be fluxed, and a certain amount of 
‘fixed carbon will be required to be burned to simply melt 
this slag. 

It must also be borne in mind that the ash requires 
one and one-half times its weight of stone, and the sul- 
phur over three times its weight of stone to neutralize or 
flux it, irrespective of the total amount of sulphur to be 
taken up by the slag. If an excessive amount of sulphur 
be present it is necessary to provide means for its 
removal, which, in case the limit of blast temperature 
has been reached, will require an increase in slag volume 
which can be obtained only at the price of higher coke and 
limestone consumption. It must also be borne in mind 
that the weight of slag produced requires 25 per cent. of 
its weight of carbon to melt it. Thus it can be seen how 
important it is to reduce the sulphur and ash in the coke 
as much as possible if we are to obtain good results. 

The best bee-hive coke suitable for blast furnace use is 
distinguished by hardness, the power of resisting a crush- 
ing load, and an almost metallic lustre, together with 
freedom from slate enclosures, which raise the ash con- 
tent; while the worst is the soft, dark colored and 
pulverulent variety known as ‘‘black ends.’’ 

Charging material of this kind practically results in 
adding coke dust to the furnace burden. This fine coke 
dust is acted upon by the CO, from the reduction of the 
ore, changing it to CO and dissolving the fine carbon. 
This action takes place at all temperatures above 710° F., 
and causes a large loss. 
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The black ends and coke dust contain most of the 
volatile matter and at the same time, on account of their 
porous nature, absorb and retain a much greater quantity 
of the water used in quenching than the denser varieties 
of coke. 


By-Propvuct CoKE. 


The use of by-product coke as a blast furnace fuel has 
made great advances in this country in the last few years, 
and it is now one of our most important considerations 
even in the Pittsburgh District, and is of still greater 
importance to furnaces located at a distance from the 
mines. 

From a conservation standpoint we have little reason 
to be satisfied with the crude and un%cientific manner in 
which bee-hive coke operations are conducted, and even 
leaving out this consideration there is a large profit on 
the side of using by-product coke. This coke, as now 
manufactured at our modern plants, is superior to the 
Connellsville coke for blast furnace use, on account of its 
uniformity in size, weight, and analysis. In addition the 
valuable by-products are recovered, such as coke oven 
gas, tar, ammonium sulphate, and benzol. 

At first by-product coke burned slowly at the tuyeres 
of a blast furnace, retarding the speed of melting, and 
carrying the heat too high up in the furnace stack, and 
on this account was not favored by blast furnace 
operators. This has been remedied by the use of higher 
blast temperatures, by using perfectly screened coke, by 
breaking it smaller, and by regulating its manufacture in 
many other ways to secure the proper combustibility, so 
as not to slow down the driving of the furnace. 

Progress is being made in washing coal in order to 
lower the sulphur content, while promising results have 
also been obtained from pneumatic separators. There 
will be further development along these lines in the 
future, as the advantages of using coke low in sulphur 
and ash in a blast furnace are now fully appreciated. 


ee 
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I would refer anyone who desires to pursue this study 
further to Mr. OC. A. Meissner’s interesting paper on by- 
_ product coke read before the American Iron and Steel 
Institute, September 23, 1913, and Mr. W. H. Blauvelt’s 
papers read before the American Iron and Steel Institute, 
May 22, 1914, and the American Institute of Mining 
Engineers, October, 1912. 


LIMESTONE. 


The limestone used as a flux in a blast furnace should 
‘ be selected with great care, as many blast furnace troubles 
are due to irregularities in composition and size of the 
limestone used. 

Limestone should be thoroughly screened, and in some 
cases washed, and should not be too large, as large lumps 
impair the distribution, and often come to the tuyeres 
unburned, requiring large quantities of heat. It is hardly 
necessary to point out the injurious effects of such lumps 
of corrosive basic material on the lining, or the fact that 
to obtain the greatest fluxing efficiency and smoothness 
of working, the lime should be burned while intimately 
mixed with the ore and coke it is intended to flux. The 
fines in limestone contain very objectionable impurities, 
as does the coke dust, and they are especiallly harmful 
when charged into a furnace irregularly, and in large 
quantities. A good stone should not contain fines that 
could be removed by a 1” square screen, and should be 
fairly uniform in size, passing through a 6” ring. It 
should be screened, and not contain any clayey material. 
The available base should be as high as possible. 

It is important in our practice, with ores averaging 
about 7.5 per cent. silica, that the limestone be as low and 
regular in silica content as possible, so as to get more 
uniform results. It can be shown that each decrease of 
1 per cent. silica between 5 per cent. and 1 per cent. 
amounts to a reduction in cost of approximately 10 cents 
per ton of limestone. It represents a saving in coke, in- 
creased production, and necessarily lower operating cost. 


36 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


In our Bessemer and basic practice we have found the 
use of calcite preferable, but on spiegel and ferro- 
manganese, a mixture of one-half calcite and one-half 
dolomite gives better results, as it gives a more fluid 
cinder, allows us to run a more basic slag, and thereby 
keeps the manganese loss lower. 

On the assumption that all silica is fluxed in the ratio 
of 1.00 to 1.35 per cent. silica to base, the following is 
true: 

Low Siica STONE. 


CaO and MgO present by analysis...........-.-.+0+- 55.40% 
To flux 1.00% silica at 1.35 ratio. ..........seeseeeee 1.35 CaO and MgO 
Available base asc. wislel atin ielcisintate erbiaie lel oles =m min aie nine 54.05% 


Hieu Simica STONE. 


CaO and MgO present by analysis...........-+..++.- 52.75% 
To flux 5.009% silica at 1.35 ratio. 6.2... 2... cece eww ees 6.75 CaO and MgO 
Available DabG.s.. jer <8 stele afore casa bie ries wis Gere 2 eee ers 46.00% 


Comparing the low silica stone with the high silica 
stone, we find a difference of 8 per cent. in available base, 
which is equivalent to an increased efficiency of approxi- 
mately 17 per cent. 


AIR SUPPLIED TO A BLAST FURNACE. 


Nearly 60 per cent. by weight of the materials going 
into a blast furnace is air. The moisture in the air blown 
into a blast furnace has long been recognized as a very 
important item affecting the manufacture of iron. Many 
methods have been proposed for its removal, but the most 
successful process that I know at the present time is the 
Gayley dry blast process. It is true that there is a great 
deal of complicated machinery, ete., connected with this 
process, but it will be simplified more and more with 
newer installations, and the cost of installation and 
operation will no doubt be greatly reduced. 

I have taken the following data from Mr. Gayley’s 
important paper on this subject. 

‘‘A modern furnace consumes about 40,000 eu. ft. of 
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air per minute, and for each grain of moisture per cubic 
foot there enters the furnace one gallon of water per 
hour for each 1000 ecu. ft.; that is, if the moisture was 
one grain per cu. ft., 40 gallons of water would enter the 
furnace per hour. The variation of moisture from month 
to month in the Pittsburgh District is shown in | the 
following table’’: 


Quantity of Water 
Weight of Entering per Hour 
Water per into a Furnace 
Average Cubie Foot Using 40,000 Cu. Ft. 
Temperature, of Air, of Air per Minute, 
Degrees F. Grains, Gallons. 
AIS DINE A Oe Atak an So ee eae 37.0 2.18 87.2 
LR oes aS sarcn asco eee 31.7 1.83 73.2 
IY RENTON 6 se Siete, ae ee ae a 47.0 3.40 136.0 
PAOEI fe cieiche prowess aioe ase = 51.0 3.00 120.0 
ei yapretonts aslais eis loicicloais ects 61.6 4.80 192.0 
ARTE SA citi OOD aoe ine 71.6 5.94 237.6 
Jivly Ree See ee Em area 76.2 5.60 224.0 
FAMOUS ai lolstcte foetal soles ='e 2 73.6 5.16 206.4 
September ...... soe ive wise» 70.4 5.68 227.2 
(fase it Ss Oe cc Sore oor 56.4 4.00 160.0 
Wovember 05. 0.6.00 ceeres 40.4 2.35 94.0 
Depeniade’ soos con 2 Sos os 36.6 2.25 90.0 


Keeping this in mind while studying the heat balance 
which is to follow will greatly aid us in understanding the 
savings that can be expected from the use of dry blast. 
We will refer to this process later. 

In connection with the dry blast process or the use of 
natural blast, special consideration should be given to 
the air supplied to a blast furnace and its increase in 
volume with its rise in temperature, and the weight of 
oxygen furnished, for it is the oxygen that enters into 
combustion with the coke and the amount supplied should 
be nearly constant. 


THE BLAST FURNACE AND ITS ACCESSORIES. 


A great amount of study has been expended on blast 
furnace construction, not only towards improving the 
quality of the product and reducing the operating ex- 
penses and cost of production as much as possible, but in 
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an endeavor to make this class of work safer and more 
pleasant for the men employed. 

To secure the most regular working in the furnace 
the materials should be as uniform as possible in composi- 
tion. With the ores used, this is done before shipment by 
a very thorough system of mixing, so that the resultant 
material shows only slight variations during the entire 
season. The various cargoes of each particular ore 
further undergo an additional mixing as they are un- 
loaded into the furnace stock piles by the ore bridges, so 
that any portion of the pile may be fairly considered as 
representative of the season’s average ore shipments. 
This system results in the elimination of one of the 
variable conditions confronting the furnaceman, due to 
irregular analysis of ore, and helps greatly in attaining 
uniform operation. 

In order to still further aid in obtaining a more 
uniform mixture, both chemically and physically, bin 
systems of the most improved type are being pers for 
ore, coke, and limestone. 

The importance of many of these refinements has 
necessarily come from having to use large percentages of 
Mesaba ores in our burdens. 

Mesaba ores being very easy to reduce, it follows that 
when carrying a large percentage of these fine ores the 
greatest care must be given to distribute them to the best 
advantage in a furnace burden. Owing to the tendency 
of the fine Mesaba ores to pack closely, the ascending 
gases do not percolate through the burden readily, and 
try to find as easy passages as possible. When this takes 
place the ascending gases do not come in contact with 
the ores evenly over the whole surface across the 
horizontal sections of the furnace, and some of the ore 
will not be thoroughly reduced by the gases. This will 
cause an increased coke consumption on account of the 
carbon required to reduce this ore, because it requires 
partial direct reduction. These ragalnritiod are also 
augmented by any irregularities in charging or the 
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arrival of large quantities of material in a state of fine 
mechanical division, giving rise to an interruption in the 
uniform upward flow of the gases. This is one of the 
important reasons why soft coke, coke dust, limestone 
dust, ete., should be thoroughly eliminated. 

In considering the present trend of operating practice 
and construction, I can only point out briefly some of the 
important items for consideration. 

Methods for unloading ore in bins and stock piles 
* have been greatly improved, effecting a reduction in 
operating cost and eliminating hard and _ laborious 
hand labor. This is accomplished on inland furnaces by 
means of car dumpers, ore bridges, and systems of 
automatic-dump motor-driven transfer cars carrying ore 
to stock piles or furnace bins, ete.; and on Lake furnaces 
by Hewlett unloaders, or fast plants in connection with 
ore bridges, which are used in transferring ore from 
vessels to stock piles and furnace bins. 

The modern bins are of very large capacity so as to 
obtain better mixing and to have plenty of materials on 
hand in case there is any temporary shortage in the 
supply of the raw materials. There is also an advantage 
in not requiring an unloading force on the trestle during 
the night shifts. | 

There should be at least two, preferably three, unload- 
ing tracks over the top of the bins, one of these tracks 
being used for transfer car service, the bins being 
arranged in sections of suitable length for dumping cars, 
and designed so that there is no tendency to the segrega- 
tion of the coarse and fine materials in the bin itself, or in 
drawing the stock from the bin chutes into larry cars. 

Large capacity larry cars are used between bins and 
skips with recording scales to obtain more accurate 
weighing. Greater uniformity and economy in both labor 
and power is obtained with the large larry, on account of 
the fewer number of trips required. In some cases a 
modern larry car will hold a full charge of ore and 
limestone. 
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Furnace stacks having a lining of moderate thickness, 
approximately 36”, are preferred. The thin-lined stack 
has not been, on the whole, as successful as was hoped for. 

Furnace shells of heavy riveted steel plate construc- 
tion are being used, and downcomers and dust catchers 
are being greatly increased in strength. Linings are laid 
directly against the shell and no packing space is used, 
as formerly, to take care of the expansion of the 
brickwork. 

Hearth and bosh construction has been greatly 
strengthened and improved upon. Very much more sub- 
stantial hearth jackets are being used. They are strong 
enough to resist the expansion of brickwork, made abso- 
lutely tight, thoroughly water cooled; as a result they 
almost eliminate the danger of severe breakouts. Ditches 
around hearth jackets have been found objectionable. 

The bosh usually preferred for large Mesaba furnaces 
is protected by bronze cooling plates and heavily banded 
to supply the necessary strength. An over-cooled bosh is 
very objectionable, as it is often responsible for poor 
furnace practice. On large Mesaba furnaces the water 
cooled steel plate bosh with sprays or buckets has not 
given good results. 


Bosh angles have become steeper and shorter, making 


a quicker descent for the charge. Distances of tuyeres 
above cinder notch have been increased slightly to 
advantage. 

Protection for the inwall of a furnace by cooling 
plates has shown itself to be very beneficial in many cases. 
Furnace ‘‘I’’, which was so protected, of the Edgar 
Thomson Furnaces, which will be referred to later, pro- 
duced 1,200,000 tons on her last lining. We do not claim 
that these plates hold the furnace lines absolutely, nor 
do we think this to be desirable in some cases; but we 
claim that this cooling helps to extract some of the heat 
from the inwall, thereby increasing its resisting qualities 
to heat and to erosion by the gases. The batter of furnace 
stacks has been increased, and is now preferably as near 
eight-tenths of an inch to a foot as possible. 
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Studies have been made of the quality of fire brick 
best suited for furnace linings, their resistance to erosion 
by the furnace gases, and abrasion by the stock. In this 
connection porosity, density, melting point, conductivity, 
abrasion, and spalling tests have been made, and the 
effects studied of various percentages of calcined flint, 
flint, and plastic clays, together with the influence of the 
weathering, grinding, and coarseness of material in 
relation to the above qualities. 

Stock line protection is being secured by the use of 
many good arrangements which are giving excellent 
satisfaction. 

Bells and hoppers are designed that give no trouble 
through the campaign of a furnace. Large bells of from 
12’ to 13’ diameter, with 50 to 55° angle, are preferred on 
stock lines from 16’ to 17’. The steeper angle helps to 
prevent ore accumulating on their surface, which injures 
the distribution. In some cases we obtain just as good 
if not better results with a 9’ 6”, 50° to 55° angle bell, and 
an 11’ 6” Killeen distributor. These sizes are subject to 
slight variation on different classes of raw materials, and 
it is often necessary to try them out to find which arrange- 
ment suits furnace conditions the best, depending on the 
ability of the furnace to keep itself clean and work 
regularly. Also the size and length of the tuyeres best 
suited to the conditions must be determined. 

Distributors, receiving hoppers, and furnace tops are 
of many types, all of which endeavor to perfect the dis- 
tribution of stock entering the furnace stack, and either 
eliminate or compensate for as many irregularities as 
possible. It is always important to get the stock dis- 
tributed around the circumference of the large bell as 
evenly as possible before dumping into the furnace, tak- 
ing into consideration not only the quantity of materials, 
but the proportion of coarse and fine. The simplest 
furnace top that will give good results is always the best, 
as too much mechanism to look after on the top of a blast 
furnace is objectionable. 
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SuHapre AND Position oF Orr-TakEs AND Expiosion Doors. 


Vertical up-takes are taken off the furnace shell as 
high above the stock line as possible, preferably at four 
points equally spaced on the circumference. Safety 
explosion doors to allow relief on slips, but which do not 
allow large material to be thrown out of the furnace, 
should be placed on top of the up-takes. Downcomer 
connections are taken off part way up on up-takes in 
order to reduce flue dust and return as much material as 
possible to the furnace on slips. It is important to have 
these gas openings of sufficient area, so as to reduce the 
velocity and prevent too much back pressure on the fur- 
nace. These off-takes are usually arranged so as not to 
be directly over the tapping hole, cinder notch, or the 
entrance of the blast main to the bustle pipe, as a furnace 
is always more active at these points. This helps to 
prevent channelling and gives a more even distribution 
of the gases in their ascent through the stock in the 
furnace. 

Moprern Meruops or Prueaine Tapprne Hote anp 

Borrtine CrnpEr Notou. 


In 1911 it was proposed to plug the tapping hole with 
the blast on the furnace, and a clay gun for this purpose 
was described in the Iron Age of November 21, 1912. 
The Carnegie Steel Company was the first to success- 
fully apply a modified form of this gun to plug the 
tapping hole, and at present it is being used on several 
of their furnaces. The gun is swung into position 
mechanically, so that no men are necessary near the tap- 
ping hole until the hole receives its first barrel of clay 
from the gun, which is usually all that is required to 
plug it. Then, if found necessary, the gun can be operated 
by a man in the same manner in which the Vaughn gun is 
operated until sufficient clay has been put into the hole. 

The advantages gained by this method are: (1) Safety. 
(2) More regular working of the furnace, due to the fact 
that the stock in the bosh does not settle and pack to the 
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Same extent as when the blast is taken off. (3) Increased 
production. (4) When tuyeres are working wet after 
casts, the hole can be plugged without cinder running 
back and filling the blow pipe. 

The same company is also using a modern sind 
notch botter on some of its furnaces, which consists of a 
botting bar suspended directly over the cinder notch, 
arranged to move in a guide in a vertical plane, so that 
it can be operated by a man standing off to one side of 
the cinder notch. By this means the danger of a man 
being burned with splashing cinder, as is the case in the 
old method of botting with a straight bar, which required 
a man to stand directly in front of the notch to do the 
botting, is eliminated. 

Considerable savings are made in arrangements of 
cast houses and the use of large iron ladles, to reduce 
scrap; also, savings are made in the use of air dump 
cinder ladles. But, when possible, the commercializing of 
the slag should be the aim. Further economies are effected 
by the use of modern machinery for unloading miscel- 
laneous materials, such as coke dust, loam, clay, ete., 
around the blast furnaces. 

‘These important points have merely been briefly men- 
tioned, as each one in itself is a very important study, 
and of great interest to a blast furnace manager. 


DevELOPMENT OF Furnace Lines, Stack Coouine, Etc. 


A great amount of thought and study has been given 

by the Carnegie Steel Company to the lines of blast 
furnaces since the early days of the Edgar Thomson Fur- 
naces. This plant was one of the pioneers in advance- 
ment in this direction, having in consideration the design 
of lines as affected by the degree of hot blast, materials 
of burden, and slag composition; effect of lines of a 
furnace on life of lining, uniformity of product, freedom 
-from high pressures, scaffolding and hanging; and inter- 
dependence on each other of lines of furnace, size of 
bells, tuyeres, blast pressure, amount of wind blown, etc. 
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Mr. Brassert, at the meeting of the American Iron 
and Steel Institute, May 22, 1914, read a very valuable 
paper in which the history of the development of the 
Edgar Thomson Furnace lines was given; but in his 


Furnace-=/902 


furnace-J-— /907 


Furnace—Z~-/9/4 


Fic, tee bevelopeei of Furnace Lines. Edgar Thomson Furnaces. 
Carnegie Steel Co. 


paper he stops at Edgar Thomson Furnace ‘‘K’’, 1902. 
I have here a similar drawing (see Fig. 1) giving the 
development up to the present time of the lines of the 
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Edgar Thomson Furnaces. It will be seen that Furnace 
“‘T”’, having a 17’ hearth, 78° 14’ bosh angle, 16’ stock 
line, and 22’ bosh, was started in March, 1907. With this 
furnace we demonstrated that a steep bosh brought about 
more uniformity in the descent of the charge to the 
hearth, and we also demonstrated that the short bosh 
reduced the tendency to hanging. In March, 1908, 
Mr. Brassert followed with South Chicago Furnace No. i, 
with the 17’ hearth and 78° angle. 

Furnace ‘‘I’’ has had a very remarkable career on 
her last lining. It was our first Bessemer or basic fur- 
nace, with a partially protected inwall. She was blown ~ 
out April, 1914, on account of the depressed condition 
of the iron market at that time, having produced 1,200,000 
tons. Fig. 2 shows the lines of Furnace ‘‘I’’; also the 
arrangement of stack cooling plates used. 

Fig. 1 gives a view of the new proposed lines for 
Furnace ‘‘I’’, with a 17’ 6” hearth, 22’ bosh, 79° 20’ bosh 
angle, 95’ height, and 16’ stock line. We expect to obtain 
a slightly improved coke consumption from this increase 
of five feet in height, as the data we have from other 
furnaces of this height seems to indicate that it will be a 
slight advantage under our conditions. 


BALANCE SHEET OF A BLAST FURNACE. 


Heat.—The principal objects in the use of fuel in a 
blast furnace being the production of heat and the reduc- 
tion of the ores, from a blast furnace standpoint all suc- 
cessful practice depends on the use of heat in the most 
scientific and efficient manner. It should be treated as a 
measurable quantity and mathematically like any other 
measurable quantity, for although it is not a substance 
it is one of the most important forms of energy. 

Of this energy modern furnace practice attempts to 
make use of the maximum amount available for produc- 
ing useful work, and though energy itself is indestructi- 
ble, the available part is liable to diminution by the 
action of certain natural processes, such as conduction, 
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radiation, friction, ete. The processes by which energy is 
rendered unavailable as a source of work are classed to- 
gether under the name of dissipation of energy, and it is 
through better understanding of the laws governing this 
that further improvement and savings in our furnace 
practice can be obtained. 

The Fahrenheit Scale and the British Thermal Unit 
have been used because they are more familiar in this 
country. This scale is fixed more forcibly in the minds 
of our furnace operators on account of being in every- 
day use. 

Before starting on the balance sheet I review below 
some of the important laws of heat, so that they may be 
freshened in the memory. This will enable us to more 
thoroughly understand the balance sheets that follow. 

Heat of Combustion.—The heat of combustion of a 
substance is the quantity of heat given off when a given 
weight of the substance combines with oxygen, and it is 
the same whether the union takes place slowly or rapidly. 
The heat involved in any given chemical reaction is 
always the same. Chemical action is always accompanied 
by an evolution or absorption of heat. 

Heat of Decomposition.—Just as it is true that a 
definite quantity of heat is evolved when two or more 
elements combine chemically, so also jit is true that in 
order to overcome the force which holds these elements 
together the same quantity of heat must be supplied from 
some external source, or in the latter case be absorbed. 

Chemical Energy and Chemical Work.—Any sub- 
stance which has the power to unite with others can do 
chemical work, and it possesses chemical energy. 


Detarts or BataANncE SHEET Basep on Test or A Buast 
Furnace Ustne Dry Buast.* 


In this test the principal aim was to arrive at the 
quantity and heat value, by measurement of the blast 


*Summary of a test conducted on Isabella Furnace No. 3 of the Carnegie Steel 


Company, August 5 to 13, 1909. 
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furnace gases corresponding to the coke consumption 
of this furnace and to compare the results obtained with a 
theoretical heat balance sheet as usually calculated. 

The results all the way through were fairly satis- 
factory, and as accurate as could be obtained under the 
circumstances. The furnace, under other conditions, 
might have been on lower coke consumption. But the 
period of test was during the hottest weather of the 
summer, and it will also be noticed from the burden that 
cinder volume was rather high, due to the ores used. 

A description of the plant is omitted, but Fig. 3 shows 
the furnace lines, ete., and the various positions at which 
testing apparatus was attached. This gives sufficient in- 
formation on these points in a condensed form. 

For the first few days of the test some difficulty was 
experienced in getting correct calorimeter results. These 
were taken as nearly continuously as possible. The 
samples of gas for analysis and for calorimeter were 
taken from the same outlet. 

There was difficulty at first through inability to burn 
this low fuel-value gas in a satisfactory manner, but 
finally, by improving the burner and adding a larger 
gasometer, very consistent results were obtained, but 
they were uniformly lower than the heat value calculated 
from gas analyses. Some of the reasons for this differ- 
ence will be noted in the chemical analyses section of this 
test. 

In general the results all the way through are as ac- 
curate and consistent as it is possible to obtain in a test 
of this kind. Every precaution was taken to calibrate 
instruments accurately, also to check all scales, ete., on 
which the materials were weighed. 

The complete results obtained during the test are 
tabulated in detail, together with the general averages 
of all the results obtained. For simplicity, the test is 
divided into the following sections: 

(1) Burden and Products. 

(2) Chemical Results. 
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(3) Gas, Air, and Power Measurements. 
(4) Theoretical Heat Balance.* 
(5) General Summary and Comparisons. 


BuRDEN AND PrRopvUCTS. 


Pounds 
per Ton of Iron 
Pounds. Produced. 

tall MORO MCHA CCCI dlerle divine nus cetioiecsleuciete cals 14,392,600 4,435.3 

OE ADECOKEGMEDATOOU.. «sis cis oricieistoim cies) <,° t.... 6,253,400 1,927.1 
Total coke dust left im cars.......27......:; 25,900 
Total coke charged to furnace.............. 6,279,300 

Pett Ae SCOMG MUSOU) c=, orsfe)s alc lejeiis oleteielsis el “ners. a 4,859,920 1,497.6 

Total flue dust produced......77.......--..: 656,900 202.4 
otal SCLAay) USCC... nme. aeln es tee ie oe 420,700 
Total serap, produced... .. :-. sas. .e esses ee 317,500 
Dera GMECEONCOs erase «visi o(hs sir = oes 193,200 
Total product... -.5.-<5...-.- 3,245 tons (2,240 pounds) 


Nore.—Although the scrap used is in excess of the 
scrap produced, it is so small that the actual product will 
be taken as 3,245 tons. 

No flue dust was used. 

Weights given are totals of car-load lots of materials 
used, all scales being checked. 


Cinder Produced.—On account of the cinder from the 
furnaces being handled by a cinder machine, it was 
watered and loaded into cars wet. It was consequently 
necessary to obtain samples that would furnish a good 
basis for the calculation of moisture, due to the fact of 
the difference in the quality of cinder and the length of 
time cars stood before being weighed. However, in 
sampling, the wettest portions obtained by digging down 
in tops of cars were taken, and they are probably nearly 
representative. 

An average of these daily samples showed 13.57 per 


cent. moisture. 


*The arrangement of Heat Balance is somewhat similar to arrangement given 
by Professor Joseph W. Richards in his interesting book on ‘Metallurgical 


Calculations.” 
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Car weights on cinder show the total produced to be..... 5,895,200 pounds 
Less 1314 per cent. moisture.......... ss eeeeeeeeceeeee 795,852 pounds 
Net weight of cinder..........sseeeerecserececccceees 5,099,348 pounds 


This checks very closely with the figure 5,154,009 given 
in burden. 


CHEMICAL RESULTS. 


Analyses Obtained. 

(1) The different grades of ore, stone and coke used 
by the furnace were sampled four times in each 24 hours, 
and complete analysis made each day of the combined 
sample, and averaged at completion of test. 

(2) Iron produced and cinders were sampled on each 
cast or flush of the furnace and analyzed. 

(3) Gas analyses are referred to elsewhere. 

(4) Average flue dust analysis was taken from 
average samples collected daily during the test. 

(5) The scrap analysis was estimated. 


ANALYSES OF IRON PRODUCED. 


For 24 Hours Ending 


at 9.00 A. M. on Iron Silicon Sulphur Phos. Mang. Total Carbon 
1909 


Auguste, 6.09 cece 93.15 1.14 034 160 .82 4.70 
AMG UBE- OTC cstinehs 93.20 1.00 032 162 .86 4.75 
AogUst! Bunk ese 93.58 1.00 03%" -) 183: co 4.53 
Bi Cust Oo siswsentn 93.61 1.10 044 148 70 4.40 
August 10......... 92.91 1.32 028 150 .92 4.67 
Pugs 11s vaaeer 93.00 — .83 025 .152 1.10 4.89 
Anpust 13. s\ eens 92.88 1.00 023 .156 1.00 4,94 
August 13......... 93.27 82 028 .150 .98 4.75 
Average... sess soa 0500 108 .) 0SL 5 ,i0e oy ce Deere 


AT Usted sm teteue ei 93.20 1.03 030 150 89 4.70 


53 


Z 

=) 

° 

5 389} 

= Sulinp ssurpver je zo 

= eBvivab ¢0°0Z woes ites oes 000°;00L Té68¢ O° 66T e26S eS9T “°° * «peysnlpy 
L6°6T LOLL FSGL cc0s GIZ666 98S E9E0" GET SILGs BEO9T “°° °° °° esBIOAYV 
> co°6T 89LL FOL 6°38 FOO';OOT OT8S F00° ESS 813s LG9T “°° *" °°" ST ysnsny 
=| 96°8T SP LL 00°92 66°62 LO0°;00OT OS'8S 210° S6T 23s SPOT “°° ** TT ysnsny 
2 SSLT SoLL . Oss2 99°08 SO0';0OT SS'sS €20° OTS 398s SOOT “****** OT ysnsny 
8 €9'TS 66°9L os’sL 86 €6666 00°6S 10° STS 13s BS9T “°° "6 ysnsny 
Z 3°SS T?'SL 96°92 98°18 01666 LT8S OF0' STS L633 G6S9T ““""*°**"g 4ysusny 
= 80ST FO'9L E9'FL 60°TS E8666 GZ6S 90° SST 8633 LVST "L$ ysndny 
5 8S°6T ee aS 60°92 996°66 F309 9F0° TST 90°33 OF9T “9 ysnsny 
a CL°Sé (een im es 98°68 91266 SO6S 980° OLT Sees 6SST “Gg ysnsny 
B pareqeyy ce 41q sey Aig SVy JM  pejeEnapep 1®10,.L *N HO -« SE (eye) “00 aqyeq 

Z Se aia id eae 2 (3H 10g PUB “A oZ9 9 ‘SUH AI) 

z ‘“AWOTOA AG SHSATVNVY SVD ATHYNOH AO SHDVARAV 

Et é 

< . 

y 

— 


54 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


REsuuts oF CALORIMETER Tests AND MoIsTuRE 
DETERMINATIONS OF E‘URNACE Gas. 


Analyses were made hourly with but few results lost 
through accident to apparatus. The calorimeter results 
were not entirely satisfactory, the results for the first 
two days being discarded entirely, as the gas would not 
burn properly in the ordinary burner owing to its lean- 
ness and to slight pulsations in the main. We were able 
to keep the gas burning by devising an inverted burner 
which permitted a slight preheating and kept the jet 
burning toward the flow of gas. The pulsations were 
taken care of by placing a gasometer, relatively large 
with reference to the amount of gas burned, in the line. 
Moisture results were not obtained regularly during the 
first part of the test owing to all the attention being given 
the calorimeter. 

The Technologic Branch of the United States Geolog 
ical Survey, Pittsburgh, stated that with a lean gas, 
around 80 B.T.U., they also had been unable to get satis- 
factory results, and had to depend on the B.T.U. results 
caleulated from the analyses in such eases. 

The methods used for gas analysis were the accepted 
methods in general use, as follows: 

Carbon dioxide: absorption by caustic potash. 

Oxygen: absorption by pyrogallie acid. 

Carbon monoxide: absorption by ammoniacal cuprous 
chloride. 

Hydrogen and methane: the residue was enriched 
with hydrogen and exploded. 

While a more expeditious method is available, that 
used is in wider general use, and as previous analyses of 
gas from dry blast furnaces have had the carbon 
monoxide determined by cuprous chloride, it was thouglt 
best to adhere to that method. 
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Gas, Arr aND Power M#ASUREMENTS. 


Dry Blast Delivered by Engines. 
Pressure entering engines = 1.29” H,O. 
Temperature entering engines = 5LiGe obs 
Total revolutions = 979,691. 
Diameter blowing cylinder = 84”. 
Diameter piston rod = 744”. 
Stroke of engines = 60”. 
Cu. ft. piston displacement per revolution = 381.7. 
Total gross wind delivered = 373,948,055 cu. ft. 
Corrected to 62° F. and 30” Hg. pressure = 375,647,275 cu. ft. (wet). — 
Average corrected blast = 32,608 cu. ft. (wet) per minute of total running 
time. 
Air Passed Through Hot Blast Main as Shown by Pitot Tube. 
Blast pressure = 15.04 Ibs. 
Blast temperature = 833.4° F. 
Average reading of Pitot tubes = 1.252” H.O. 
Diameter of main = 3 ft. 1 in. = 7.467 sq. ft. 
Density of hot blast = .0615 wet. 
Gross cu. ft. hot blast per hour = 2,218,134, wet. 
Total gross cu. ft. = 425,881,728, wet. 
Periodic losses to be deducted: 
5Y Stovesiat.8,987:63 Cu. sites era crete skeneis <retatni siete) oie slain oie 512,295 cu. ft 
40 Casts aggregating 93 minutes that snorter valve was 
open and one engine made 12 R.P.M., including 13 
Minwtes Lor changing MOUKEV. ecco ate aera eis 529,000 cu. ft. 
49 Checks including casts when engines were operating 
under reduced revolutions and counted equal losses by 
snorter “val yes ascites ete ere, eidtsiarsben @erabo ete apace 567,473 cu. ft. 
Wotallosse% <i cree or, vie ares ecstasy oete vata ts 1,608,768 cu. ft. 
Actual hot blast entering furnace = 425,881,728 — 1,608,768 = 424,272,960 
cu. ft., wet. 
Corrected to 62° F. and 30” Hg. pressure = 342,979,715 cu. ft., wet. 
Net hot blast at 62° F. and 30” Hg. entering furnace per minute of net 
operating time = 30,015 cu. ft., wet. 
Entire loss from engine to tuyeres = 375,647,275 — 342,979,715 = 32,667,560 
cu. ft. = 8.70%. 
N, in air (dry) = 79.2%. 
N, in air (dry) as blown= 78.85%. 
N, in gas (dry) =58.91%. 
Ratio = 1.3383 
342,979,715 X 1.3383 = 459,009,753 cu. ft. gas (dry). 
Tons metal produced = 3,245. 
Corrected gas per ton = 141,451 (dry). 
Actual Gas Leaving Furnace as Measured by Pitot Tube in Gas Main. 
Gas pressure = 5,32” H,O. 
Gas temperature = 324° F, 
Average reading of Pitot tubes = 0.208” H,0O. 
Diameter of main = 7114” = 27.88 sq. ft. area. 
Density of gas = .051329, wet. 
Density of gas = .052532, dry. 
‘Specific gravity =1.017, wet. 
Specific gravity = 1.041, dry. 
Gas per hour = 3,695,048 cu. ft., wet. 
Total for 8 days (less 93 minutes) = 703,721,892 cu. ft., wet. 
ries ped ve Se 93 minutes) = 663,661,116 cu. ft., dry. 
orrected to 62° F. and 30” Hg. pressure = 439,173 
Metal produced = 3,245 tons. a eT eee os 
Corrected gas per ton iron = 135,338 eu. ft. standard gas, dry.* 


*This would probably be reduced slightly by the di 
flue, which amounts we were unable to abtaind Meeleae eis et ie oe 
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Batance Sueet or Basic BuRDEN. 


Average Burden. 
14,800 Ibs. Mesaba ore. 
9,000 Ibs. Old Range ore. 
700 Ibs. Serap. 
10,200 Ibs. Coke. 
8,080 Ibs. Stone. 


Total Ores Used. : 
Mesaba = 62.04% = 8,929,600 Ibs. 
Old Range = 37.96% = 5,463,000 Ibs. 


100.00% 14,392,600 Ibs. ~ 


Pounds of Materials Used per Ton of Metal Produced. 


Ore = 4,435.3 Ibs. 

Coke = 1,927.1 Ibs. 

Stone = 1,497.6 lbs. 

Flue dust produced per ton of iron = 202.4 Ibs. 

Cinder produced per ton of iron = 1,571.45 Ibs. 

Temperature of blast = 833° F. 

Temperature of waste gases = 324° F. 

Average composition of waste gases, CO, = 16.33%, CO = 22.73% 

Product per day, tons (2,240 Ibs.) = 405.62 = 3,245 tons total product. 


AVERAGE ANALYSES. 


FLUE DUST 

IRON CINDER PRODUCED 
TROTseh ores OS20R RS Ont aeons 33.045 SiGoy rr ieceere 7.92 
Silicon: paces ee URUR PAI ORYO Pee | 55 eee 43.24" MALO. 2a oo 4.10 
uly here ete OS SN OF antares 3.08 CAO weiecnieels facts 1.45 
Whose eee st SLO? AC aS cerern tee eee 24) MgO 's. conn ae oars oD 
Manganese ..... 89. TAL Oe canton ars 14.64 MnO: Swe. cones By 4 
ED OUH a Ore taeetene 2.00; OOM moe erie? wee LARP PLOe ae stem Nite 19 
Vin Aree ere Loe O.Ole: cota ere 73.18 
Fixed Cs... ‘ 10.51 
SOc. eae come -90 
Moisture sc. does. -70 
MOP alee ante teahere 100.00 AMV EN ens, = once: 100.00 Totalie.e. oe, 100.00 


Correction for Net Coke Used. 


Flue dust produced per ton of iron = 202.4 Ibs. 
Total weight of fixed carbon in flue dust; 202.4 x 10.51% = 21.272 Ibs. 


A : 21.272 

Total weight of coke in flue dust; “—"!* = 25.55 Ibs. 
” 83.26% (Fixed carbon in coke) : 

Net coke used in furnace per ton of iron; 1,927.1 — 25.55 = 1,901.55 Ibs. 

Figure used = 1,901.6 lbs. 


Correction for Net Stone Used. 
Flue dust produced per ton of iron = 202.4 Ibs. 
Total weight of CO, in flue dust produced; 202.4 x 0.9 = 1.82 Ibs. 


Total weight of limestone in flue dust; 1.82 


Boag (00 in stone) = 4.60 Ibs. 


Net stone charged in furnace per ton of iron; 1,497.6 — 4.6 = 1,493 Ibs. 
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% Correction for Net Ore Used. 
4 Weight of ore charged per ton of metal =4,435.3 Ibs. 


Weight of stone in flue dust= 4.6 Ibs. 
Weight of coke in flue dust = 25.55 Ibs. 


- @ 
y- ; 30.15 Ibs. 
5 Weight of ore in flue dust (202.4 — 30.15) = 172.25 lbs. 
‘ Net ore used per ton of iron = 4,263.05 Ibs. 
$ Figure used = 4,263.00 Ibs. 
Fy Final Adjustment of Ore Analyses. 
: Mesaba Old Range Total Ore 
‘ Per Per Per 
Cent. Lbs. Cent. Lbs. Lbs. Cent. 
SiOS wee sies fee alse! 5.73 511,666 11.12 607,486 1,119,152 7.78 
BOLO} rath tha ote teers, 69.26 6,184,642 73.60 4,020,768 10,205,410 70.91 
EOD ares ecole ors 1.21 108,048 .28 15,296 123,344 85 
12.0 Sao, Soto es ANE 16 14,287 12 6,556 20,843 15, 
IMEOISLORG) ise kle. 14.39 1,284,969 8.76 478,559 1,763,528 12.25 
AL Osea nn iacrroe 3 3.61 322,359 2.48 135,482 457,841 3.18 
Ga. O ior st te a avert ste ee 25 22,324 378 42,611 64,935 45 
MOO msec cs Sone 22 19,645 .39 21,306 40,951 .28 
Fons 10sss. 251 ss <> 5.17 461,660 2.47 134,936 596,596 4.15 
HUES Seon node 8,929,600 5,463,000 14,392,600 100.00 


BALANCE SHEET OF BASIC BURDEN AND BLAST. 
Per ton (2,240 lbs.) of iron produced. 


Charges 
Per Pig Slag Gases 
Cent. Pounds 
ORE 
H.O = 16.40 699.13 H.O = 699.18 
SiGsl) = 77S.) 331.66,Sr = 238.072|SiO. = 282.588|0 =" 26.00 
Al,.Os = 3.18 135.56 1,03 = 135.560 
cay = 45 19.18 a = 19.180 
MgO = 11.94 MgO = 11.940 
Fe,03 = 170.91 3,022.89\Fe = 2,083.495 |Scrap = 82.525/0 = 906.870 
P.0; = 2 -40|P — 2.793 O = 3.607 
- MnO, = 85 36.24/:Mn = 19.936/MnO = 3.840/0 = 12.464 
100.00 
Total _ore...... 4,263.00 
FLUX 
Si0no = 6.63 938.98 SiO. = 98.98 
AlOs = 2.72 40.61 Al,03 ==" A061 
P,05, = = 03 .45|P = eit} oO = 26 
CaO = 47.53 709.62 CaO = 709.62 
MgO = 2.05 30.61 MgO = 30.61 
COz = 39.53 590.18 COz = 6590.18 
= Fes. -— => ook 3.14 Fe and S = 3.14 
Fe,03; = 30 4,48 |Fe = 3.136 = 1.344 
H,O. => 1.00 14.93 H,0 Se 1498 
100 
Total Hux... 499:00\|"me ee Sa 
FUEL ; 
Si0o = 6.98 132.73 SiO, 182,00 
Al,Os = 3.88 73.78 Al,Og ==73.45 
(OFS) is 12 2.28 CaO = 2.28 
MgO = .07 | = MgO = i.oo at 
P.O; = 03 " = é = ‘ 
> = 93.97 1,583.46(C = 105.28 = 1,478.18 
TNeisp Meat BIAIRS 2.71\(S = .672/Fe and S = 30.862 Bie 
HO: , = 2.86 54.39|\(Fe = 1.176 20 anne 
V.M. = 1.02 9.40 Ven Mater 9. 
MnO, =~ .06 95 MnO = Ai8cO = lye 
we 1,901.60 
Total fuel..... 901. 5 aE 
N = lip 
H. = i 
Blastiecsesss-. 7,396.08 oO =  agigo 


Totals ....... 15,053.63 2,240.00 1,610.355 11, 203.275 
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Detail Calculations per Ton (2,240 Ibs.) pig produced. Dry Blast. 


Volume of furnace gas (from Balance Sheet). 
Carbon in gases = 1,478.18 + (12/44 x 590.18 = 160.96) 1,639.14 Ibs. 
Carbon in 1 cu. ft. of gas at 62° F. and 30” Hg. Pressnre, .012377 Ibs. C. 
CO = .07375 Ibs. per cu. ft. at 62° F. 
CO, = .11660 Ibs. per cu. ft. at 62° F. 
Composition of gases = 22.73% CO 
16.33% CO, 
CO = 12/28 by weight of C 
CO, = 12/44 by weight of C 


CO = .07375 X .2273 X 12/28 = .007184 Ibs. C. 
= .11660 X .1683 xX 12/44 = .005193 Ibs. C. 


.012377 Ibs. G. 
Gas produced at 62° F. and 80” Hg. per ton of pig: 


1,630.14 = 132,434 cu. ft. dry gas. 
.012377 | 


Oxygen in blast (from Balance Sheet). . 


Oxygen in 1 cu. ft. of dry gas at 62° F. and 30” Hg. = .023427. 
CO = .07375 X .2273 X 16/28 = .009579 Ibs. O. 
CO, = .11660 xX .1633 x 32/44 = .013848 Ibs. O. 


-023427 Ibs. O. 


From FeO; = 908.214 Ibs. 
SiO, = 26.000 Ibs, 
PO; — 4.187 lbs. 
MnO,, MnO = _=—-12..634. Ibs. 
CO, = 429.220 Ibs. 


Total = 1,380.255 Ibs. 
Oxygen from blast, including moisture in same = 


3,102.53 — 1,380.255 = 1,722.275 Ibs. 
Combustion of carbon. 
Carbon burned at tuyeres = 1,722.275 x 12/16 = 1,291.71 Ibs. 


Carbon burned above tuyeres = 1,478.18 — 1,291.71 = 186.47 Ibs. 
Percentage of oxydized carbon burned at tuyeres = 87.39%, 


Moisture and dry air present in 1 cu. ft. refrigerating-room air. 
Water per cu. ft. of air (refrigerating-room) at 36.1° F. (See logs) = 
1.56 Grs. 
Barometer = 29.44” Hg. 
Pressure above atmosphere in refrigerating-room = 2.47” H,O = .18” Hg. 
Total pressure in refrigerating-room = 29.44” + .18” — 29.62” Hg. 


Vapor tension of 1.56 gr. H,O per cu. ft. of vapor, corresponding to dew 
point of 25° = .130” Hg. 


Absolute pressure of dry air present = 29.62” — .130” = 29.49” Hg. 


é 49 
Dry air present = 39.62 leu. ft. refrigerating-room air = .9956 cu. ft. 


Dry air at 62° F. and 30” Hg. = .07626 Ibs. per cu. ft. 
O in air = 23.1% by weight (Richards). 
Reducing weight of dry air to 36.1° F. and 29.62” Hg.: 
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521.2 _, 29.62 : 
755 SE a oe X .07626 Ibs. = .079231 Ibs. 


Oxygen present in dry air per cu. ft. of refrigerating-room air: 
-079231 Ibs. x .9956 x .231 = .018222 Ibs. 


Oxygen present in moisture per cu. ft. of refrigerating-room air = 1.39 
gr. = .000199 Ibs. : 


Total oxygen per cu. ft. of blast at 36° F. and 29.62” Hg. = .018421 Ibs. 


Total volume of refrigerating-room air used 2a = 93,495 cu. ft. 


Free oxygen present = .018222 x 93,495 cu. ft. = 1,703.67 Ibs. 


: 76.9 . 
Free nitrogen present = 93.1 * 1,703.67 Ibs. =5,671.52 Ibs. 
93.495 X 1.56 gr. 
H,0 present = = = 20. : 
20 p 7,000 84 Ibs 
Total _ = 7,396.03 Ibs. 


Volume of blast. 


Total volume of blast at 36° F. and 29.62” Hg. = 93,495 eu. ft. 
Total volume of blast at 62° F. and 30” Hg. per ton of iron: 


521.2 29.62 
495.3 x 30 


X 93,495 cu. ft. = 97,138 cu. ft. standard, wet. 


Total air blown at 62° F. and 30” per entire run: 
3,245 X 97,138 cu. ft. (wet) = 315,212,810 cu. ft. wet. 
Air at 62° F, and 30” Hg. (wet), blown per minute net operating time = 


315,212,810 


T1407 = 27,585 cu. ft., wet. 


Carbon burned at 62° F. and 80” Hg. 

Total volume of furnace gas at 62° F. and 30” pressure = 132,434 cu. ite, 
dry. f 

co by analysis, 22.73% = 30,102 cu. ft., dry. 

1 cu. ft. CO at 30” and 62° F. = .07875 Ibs. 

C in 1 cu. ft. CO at 30” and 62° F. = 12/28 x .07375 = .031607 lbs. 

C in total CO in furnace gas = 30,102 x .031607 Ibs. = 951.43 Ibs. 

C burned to CO, = 1,478.18 — 951.43 = 526.75 lbs. 


Heat in blast (from 62° F. to 838° F.). 
Sensible heat in materials contained in blast: 
Mean Specific Temperature Total 


Material. Pounds. Heat B.T.U. Interval. B.T.U. 
GRY ca COS nee ee 1,703.67 -219708 (Hels - 288,593 
IN steer treieinec eae « 5,671.52 25115] Tiff 1,098,219 
Heat in moisture present 
SS SCUSIOIG Mi Walesysyhelets sues siereye wee oe, 9 (HAMS Rohotat cle ets 
ION VAPOT) vers siotelorays 20.84 429219 os 6,897 


Totals .3...¢sh05<- 7,396.03 1,393,709 
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Composition of furnace gas (from Balance Sheet data). 


Pounds. 
N present in gas per ton pig = N = 5,671.52 
CO present in gas per ton pig — 951.43 
Ibs. C burned to CO X 28/12 = CO = 2,220.00 
CO, present (from coke) in gas per ton 
pig — 526.75 Ibs. C burned to cO. x Pounds. 
44/12 = 1,931.42 
CO, present (from limestone) in gas per 
ton pig = DO gULLS 
Total CO, = 2,521.60 =CO, =2,521.60 
H present from water in blast— H = 2.32 
Volatile matter present from coke— Ve Me =) 90 
Moisture present— 
From ore = 699.15 
From stone ==7 A935 
From coke = 6564.39 
Total moisture = 768.45=H,0 = 768.45 
Total weight of gas = 11,203.29 
Furnace gas produced by calculation from preceding—dry gas. 
Analysis Analysis 
: Weight by Volume by 
Pounds. Pounds. Weight. Density. Cu. Ft. Volume. 
CORT ates emirates = 2,521.60 24.20+.1166 = 207.55 = 16.64 
COM ratte hsp es = 2,220.00 21.80+.07375 = 288.81 = 23.15 
H from moisture... . = 2.32 


H from volatile mat- 
ter, 19.4 x 4/16.. = 4.85 


Ota le Elen sere =T17= ela 07 =-.0053802 = 13.20 =, 1.06 
IS Boeke Arhanes crea =5,671.52 5443+ .07377 = 737.83 = 59.15 
Mo hal samo ety cess 10,420.29 100.00 1,247.39 100.00 


In these calculations the volatile matter is assumed to break up into 
fixed carbon and free H,. 


In comparison with this theoretically calculated gas based on the 
Balance Sheet data, there is now given— 


Furnace gas produced, by actual analysis—dry gas. 


By Volume. By Weight. 

Per Per 

Cent. Density. Pounds. Cent. 
COs Sinucsaleanert 16.33 X .11660 =1.904078 23.99 
COR aie eet 22.73 X 07375 =1.676338 21.12 
Fler cluies ee oe 1.99 X .005302 = .010551 13 
Cg vara Gaara 04 X 04228 = .001691 02 
IN apotceit oa one 58.91 X 07377 =4.345791 54.74 

100.0 7.938449 100.0 


These two sets of data afford opportunity for observing how closely 
these total gas products check when obtained from different sources. 


In the calculations of ‘‘ Heat in furnace gases,’’ the weights used will 
be taken from the ‘‘ Caleulated furnace gas.’’ ret = 
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Heat in furnace gases, from 62° to 824° F. per ton of pig. (Based on cal- 
culated gas analysis.) 


Mean Temperature 

Gas. Pounds. Specific Heat. Interval. Bot UE 
CO, Bao aa OEE OE eee 2,521.60 -213160 262° 140,826 
CO eon Mer ir mitts chao es 2,220.00 .245093 262° 142,556 
TAP eetcete Sesh Ss ete 5 LAW 3.435620 262° 6,454 
NB Ei cc wtbcverenS he ivie xi 6 5,671.52 .245093 262° 364,193 
Diy LUN ACE OAS. sab. wis 654,029 
ee oe Sle hc 768-45 9 eee (oe Sensible 262° 02,565 


1056.7B.T.U. latent 812.021 


904,586 


Total of wet gas, exclusive of C from volatile matter = 11,188.74 1,558,615 


In constructing a total heat balance, the sensible heat entering with 
the stock must be taken into account. The materials of the charge were 
each at the average air temperature, i.e., 80.2° F., the base temperature of ° 
62° F. being used as the standard for the heat balance. 

In these calculations the total amounts of coke, ore and stone charged 
into the furnace per ton are used, no deduction being made for flue dust 
formation, as was done on the Balance Sheet, these materials having their 
mean specific heats based on the wet state. 


Iléat entering with charge. (62° to 82.2° F.) 
Mean Specific Temperature 


Material. Pounds. Heat. Interval. BTU 
CRORE: Oe ARO scr vid deere 4,435.30 .302449 sifel aay 24,413 
OTe ss ne CNET a i a 1,927.10 .212892 SS 7,467 
SUCiIEe einer, chess Ske os 1,497.60 .216026 Leese 5,888 


Similarly, the heats contained in the materials leaving the furnace are 
required. 


Ileat contained in flue dust. (62° F. to 324° F.) 
. Mean Specific Temperature 
Material. Pounds. Heat. Interval. Jepinalile 


iSeU Obes oe nlee ane en ot 201.2 194200 262° 10,228 
Heat contained in pig iran. BEDE 
Heat in 1 lb. pure iron, from 32° to 2,7382° = 450 
Heat in 1 Ib. pure iron (latent heat in fusion) = 126 
576 

Subtract heat from 32° to 62° F. = 30° x .1 specific heat = 3 
Heat required to raise iron from 62° to 2,732° = 573 
Total heat in 1 ton of pig (62° to 2,732° F.) = 1,283,520 


Heat contained in slag. 
Heat in 1 Ib. slag (Akerman, Bell, Richards) 62° to 2,732° F, = 945 B.T.U. 


Slag produced = 1,571.45 Ibs. per ton of pig. 
hs 1,571.45 x-945 B.T.U. = 1,485,020 B.T.U. 


In addition to the sensible heats noted above, we have also to take into 
account the heats of formation of pig iron and of slag. 


Tleat of pig formation é : 
Peon ches Sheet we find 105.28 Ibs. of carbon entering into 


combination with the iron. This is the reaction of greatest heat value, 1,269 
B.T.U.’s per pound of carbon, and will be the only one taken into account. 
105.28 x 1,269 B.T.U. = 133,600 B.T.U. 
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Heat of slag formation. 

This is a very difficult matter to give in detail. There is, however, a 
considerable amount of heat given out when the bases, lime and magnesia, 
neutralize alumina and silica. This is stated by Richards and LeChatelier 
as approximately 270 B.T.U. per pound of the combined silica and 
alumina under the existant conditions. 

Total SiO, —514.298 Ibs., from Balance Sheet. 

Total Al,O, = 249.950 Ibs. 


764.248 Ibs. X 270 B.T.U. = 206,348 B.T.U. 


The Heat Balance Sheet will be stated in the following form, it being 
understood that all heats referred to are calculated from the base tempera- 
ture of 62° F.: 


I. Sensible heat entering the furnace from external sources. 
II. Heat developed in the furnace. 
III. Heat utilized in chemical reactions in the furnace. 
IV. Sensible heat leaving the furnace in outgoing materials. 
V. Potential heat in furnace gases as yet undeveloped on leaving 
furnace. 


This latter figure is obtained from the potential heat in the volatile 
matter in the coke charged = 19.40 X 23,616 B.T.U. = 458,150 B.T.U. 
And the heat which may still be obtained by burning 
the CO in the gas to CO, = 951.43 Ibs. X 10,205 B.T.U.= 9,709,343 B.T.U. 


Total = 10,167,493 B.T.U. 


HEAT BALANCE SHEET. 


Sensible heat entering from external sources. 
Per Cent. of Heat Per Cent. of 


Exclusive of Total 

Potential Heat Heat 
Bhs in Furnace Gases. Involved. 

Cokes Wobiws so nals cian ae ies 7,467 .06 .03 
PLONE, Wotistatare «nae scene 5,888 .04 .03 
Oro, Swi .wwteic ets Soaek 24,413 18 10 
Bah Pdtv rane s ae ccd 1,386,812 10.18 5.83 
Blast, moisture from same. . 6897 | 1,393,709 | 05 .03 
Totals eens 1,431,477 10.51 6.02 


neers te, 7,680,015 56.41 32.30 
Heat of pig formation...... 133,600 98 56 
Heat of slag formation..... 206,348 1.52 87 
Tobaly ths ance 12,182,469 89.49 51.23 
Total heat entering and de- 
veloped in the furnace...... 13,613,946 100.00 57.25 
Undeveloped heat remaining 
PROM OT UAL. vrs orate uene a eae ee 10,167,493 42.75 


Grand total..... 23,781,439 100.00 


. 
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4 Sensible heat in outgoing materials. 
-. ELGAR EIN ION, mate easc otitis 1,283,520 9.42 5.39 
es ETOCS MURA sce cath ed ins 1,485,020 10.90 6.25 
¥ Heat in flue dust........... 10,228 .08 04 
= Heat in top gas, dry........ 654,029 4.80 2.75 
Z Moisture, sensible heat ) in top 92,565 68 39 
g Moisture, latent heat } gas 812,021 5.96 3.41 
% AMT S We earn 4,337,383 31.84 18.23 
. 
i Heat utilized in furnace reactions. 
‘ Reduction of Fe.0,, 
ii (Fe) 2,086.631 x 3,143... 6,558,281 48.17 27.58 
a Reduction of SiO., 
z (Si) 23.072 x 11 ray alse 266,966 1.96 1.12 
yi Reduction of P.O,, : 
5 (P). 3.233: x, 10,605... .e. 34,286 25 15 
£ Reduction of Mn0. to Mn, 
(Mn) 19.936 x 4,100..... 81,738 60 34 
Reduction of MnO, to MnO 
(MnO )es.84. x 8718S . 3,345 .02 01 
Reduction of FeS to Fe, 
(GG) fed Wo ow W-Series 908 ; 01 .00 
Expulsion of ‘CO, in fiux, 
(CaCO;) 1,266.86 x 812.. 1,028,690 7.56 4.33 
Expulsion of CO, in flux, 
(MgCO,) 62.54 x 628.... 39,275 29 ally 
Expulsion of volatile matter 
an, fuel, 19:40 << 10-92\.;75.. 21,185 16 .09 
Decomposition of moisture in 
blast, 20.84 x 5,806...... 120,997 89 51 
PP OPAL Mes are, snakes 8,155,671 59.91. - 34,30 


Loss by radiation, expansion of 
blast, cooling water, and un- 


ACCGUNLEM LOK 7.061 oso aoc. sie 1,120,892 8.25 4.72 
Total heat utilized in and 
leaving furnace.........-.+. 13,613,946 100.00 
Undeveloped heat remaining 
iL RUSE ete Ps 5 ike Rea 10,167,493 Mo 42.75 
Grand total..... 23,781,439 100.00 


SUMMARY OF TEST. 


As was previously explained, the object of a test of 
this kind on a dry-blast furnace was to arrive at the 
quantity and heat value of the flue gases passing off from 
such a furnace under these conditions, and to make a 
comparison between this value and the pounds of coke 
consumed per ton of iron by the furnace. 

Further, to calculate the total heat value of the coke 
charged into the furnace per ton of iron, then to deduct 
from this value the quantity of heat passing off in the 
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flue gases. ‘This difference, together with the heat 
delivered by the hot blast to the furnace, gives us the 
total heat required to do the work of reduction, etc., in 
the furnace. 

These results are also compared with the theoretical 
heat balance results which have been compiled by the 
use of the molecular heats of formation, ete., of the 
various substances entering into the furnace burden. 

This test has purposely been made as complete as 
possible. Anyone following the report all the way 
through could draw his own conclusions, but many will 
not have the time to do this. We therefore wish to make 
the following brief comparisons so anyone can obtain in a 
short time the gist of the whole matter. 


leat value of fuel. 


Net coke used per ton of iron = 1,901.6 Ibs. This contained 1,478.18 lbs. 
of carbon to be gasified and 19.40 Ibs. of volatile matter. 

1,478.2 x 14,580 B.T.U. (generated by burning 1 lb. of carbon B.T.U. 
to «<@O3) 522 cins.o eee 5 cee ee ite ew as ee aie ener greet eee -. 21,552,150 

19.40 volatile matter x 23,616 B.T.U. (per lb. generated)...... 458,150 


Maximum heat value obtainable from fuel consumed per ton of 
DION oi: Ziy abe cubis foro paliscatar'aim hese s miley tetanic tat eee. cea cat 22,010,300 


The following results have been obtained by as many 
different methods as possible, so there can be no possible 
doubt of their being approximately correct. The results 
throughout check each other as closely as could be 
expected. The best instruments are liable to some per- 
centage of error, and, although analyses were taken as 
frequently as possible on all materials used in this 
furnace and on all the products produced, some slight 


irregularities are liable to enter into a test made on such 
a large scale. 


Gas analyses. 


The following gas analyses were obtained from many averages: 


BeruE 


per Cu. Ft. 
Calculated from gas analyses (at 62° F. and 30” Hg.) dry gas.... 80.55 


Caleulated from calorimeter analyses (at 62° F. and 30” Hg.) dry gas 77.27 


Cubic feet of air blown (62° F. and 80” Hg., wet air). 


Gross cubic feet of air blown from blowing engines per minute of 
total running time 


A ee vic ib int enceieal ch baited Ma edt nn ee bali 
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Net cubic feet of air blown per minute of net running time, 


obtained from Pitot tube in hot blast main................... 30,015 
Net cubic feet of air blown per minute of net running time, from 

PReereuical beak halanees. 2... jie dake OSes de hese Rac oe vs 27,585 
Cubic feet af gas produced (at 62° F. and 30” Hg., dry gas) per ton of tron. 
Cubie feet of gas from Pitot tube in hot blast main.............. 141,451 
Cubic feet of gas from Pitot tube in gas flue.................... 135,338 
Cubic feet of gas from theoretical heat balance.................. 132,434 


To obtain the heat value passing off in the blast 
furnace gases we will use the results obtained from the 
Pitot tube in gas main. There is very little difference 
between the results obtained by the three methods used. 
The difference between the actual measurements and the 
results obtained by the theoretical heat balance are easily 
accounted for by the fact that no scrap was used in 
burden for compiling the theoretical heat balance. 


Heat value of blast furnace gases per ton of iron. 


135,338 cubie feet (standard) as obtained from Pitot tube in gas main x 
80.55 B.T.U. per cubic foot (standard) gas (average analysis) = 10,901,475 
B.T.U. in gas per ton of iron. 


Work of reduction, ete. 


Total B.T.U. in fuel per ton of iron: B.T.U. 
CaxbonetouCO., 1478.00 5614 580L B. TWissmct.cte inca timate 21,552,150 
Heat from volatile matter, 19.40 x 23,616 B.T.U............ 458,150 
Total heat available from fuel.~....5......%. 0. iepebePecce ts ou 22,010,300 
Calorific value of blast furnace gas produced............... 10,901,475 


Heat remaining from fuel, which added to the heat of the hot 
_ blast is the total heat required for doing the work of redue- ————— 
tion, ete., and heating up the products.............-...... 11,108,825 
In comparison with this the figures from heat balance are as follows: 
Heat utilized in furnace, including furnace radiation losses, ete. 13,613,946 
BEV, 


HIG yi aineay rae IS SIE eects ox dice Mp Goria etommn aoe Cac 1,393,709 
BipabaenLOMECOKC mci fj -wetev shea acl the ne = larcbopeolese "aie oils 9s 7,467 
PGA ip EON SUOMI. lousareo a.eic) eoye elas ie sere eclsle, «aie ¥ = pe 5,888 
TEIGHTE. SEcGiit Ditege eee eedieechuie © hin Git © Sceia ae eee ts Ob 24,413 
Heat from pig formation...........-+2+++sseeeee 133,600 
Heat from slag formation.......... 64.2... 60200- 206,348 


1,271,425 1,771,425 


11,842,521 
Total useful heat in gases, due to their fuel value. B.T.U. 


Due to analyses and quantity........... Dene e eens 10,901,475 
Due to 80% of the useful sensible heat imparted to 
gases by their passage through furnace burden: 
Sensible heat in dry furnace gas...... 654,029 
Sensible heat in moisture of same..... 92,565 


Then .8 X 746,594 = 597,275 
11,498,750 11,498,750 
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The following are estimates of the heat required by the furnace under 
present conditions: 


Heat used by stoves at 60% efticiency = 


2803008 1 este 3h oe OSes 2,322,850 
.60 
Total to run furnace; 1,858 B.H.P. hours x 55,800 
B.T.U. (per B.H.P. at 60% efficiency) X 
Re Ss eae ferme 6,134,400 
405.62 
10% loss due to leakage of gas, steam condensation, 
blowing off boilers and miscellaneous losses...... 1,149,875 
Totalisto \dOdiCtine renctorsta the alate miata lores 9,607,125 9,607,125 
Surplus heat in gases available for other work..... 1,891,625 


This total surplus gas might be considerably increased 
by providing suitable means of reducing the waste heat 
in the stove stack gases, resulting in an efficiency of 70 
per cent., and by supplying the power requirements of 
the furnace by gas engines. 

When using washed gas on stoves and gas engines, 
which is necessary to secure the higher efficiency, the 
sensible heat in the foregoing calculation is lost (597,275 
ByEW.): 

Assuming that with gas engines the total power 
required would be the same as before, the balance 
becomes: 


Bare 
CBrougnt (LOTWATG) sorec cuhen sss oe erate gu Mae eae eee 10,901,475 
Heat used by stoves, with economizers for stack gas 
1,393,709 


at 70% efficiency ; 7 Paw, eS eters 1,991,010 


Total to run furnace; 2,503 I.H.P. x 12,000 B.T.U. 


24 


B.T.U. per ine I.H.P. Se os 
( per gas engine ) X53 = 


1,777,200 


3,768,210 3,768,210 
Surplug heat in gases; ebtiiuss.. «x40 ysl au owen aimee See 7,133,265 


Coal value of surplus gas. 


As a matter of interest we add the comparative values 
of the surplus gas remaining under the last condition 
exhibited, when stoves of 70 per cent. efficiency and gas 
engine equipment are used, based upon coal at various 


Cee POTN Ge MEN Ti 
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prices. It should, however, be borne in mind that the 
actual value of the furnace gas is somewhat higher than 
the comparative B.T.U. would indicate, owing to the 
fact that the gas does not require handling and that it 


‘produces no ashes or clinker demanding labor in disposal. 


Bituminous coal, having an approximate calorific 
value of 14,000 B.T.U. per pound, is here taken as the 
standard. The weight of coal equivalent to the surplus 
gas produced per ton of iron is 

7,133,265 
14,000 

This represents a credit value per ton of iron 

produced with coal at the various prices as follows: 


= 509.52 Ibs. 


1.50 e 
Coal at $1.50 per ton: 509.52 x oo = 60-3821 
oY) 


2.00 
Coal at $2.00 per ton: 509.52 x = -5095 
zl ; 


. 2. 
Coal at $2.50 per ton: 509.52x fr —= .6369 
? 


| $3.0 
Coal at $3.00 per ton: 509.52 X 3,000 = 1643 


This estimate of heat required for work in the furnace 
is only added as a matter of interest, as necessarily some 
assumptions were made regarding various losses. How- 
ever, these assumptions regarding these losses have been 
made as low as experience in this class of work would 
permit. 

Direct Repucrion 1n a Buast Furnace. 


The economical importance of reducing ores in a 
blast furnace, principally by carbon monoxide (CQ), is 


well understood by blast furnace men, as reduction 


effected by carbon at the tuyeres is very uneconomical, 


- requires a great quantity of heat and abstracts this heat 


from a point in the furnace where it is most needed. This 
we try to avoid as much as possible by proper furnace 
lines, good distribution, and making all other conditions 
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as uniform as possible. Anything that tends to consume 
coke in the upper part of the furnace should also be 
avoided, because there will remain less coke for combus- 
tion at the tuyeres, where the greatest heat is needed. 
Soft coke or coke-dust is more readily affected by CO, 
than hard coke, resulting in greater loss. 


THE USE OF HOT BLAST AND ITS RELATION TO 
BLAST FURNACE PRACTICE. 


In the lower part of a blast furnace carbon is oxidized 
only to carbon monoxide (CO), which generates 4,375 
B.T.U. per pound of carbon, but when complete combus- 
tion takes place to carbon dioxide (CO.), 14,580 B.T.U. 
are generated. Therefore the heat generated by a unit 
of carbon in heating the blast is three and one-third times 
as great as that generated by a unit of carbon burned in 
the blast furnace. 

The use of hot blast increases the temperature and 
efficiency of combustion near the tuyeres of a blast 
furnace, causes the carbon to be quickly converted into 
carbon-monoxide, and also localizes the heat of combus- 
tion. Heat supplied to the furnace by the more complete 
burning of carbon outside the hearth in the stove allows 
the amount of coke charged to be greatly decreased, con- 

sequently a smaller quantity of blast is required, the 
upper part of the furnace is cooler, radiation losses are 
lessened, and less sensible heat is carried away in the 
escaping gases. One of the greatest advantages of hot 
blast consists also in the intense local heat produced in 
the hearth, this intensity controlling to a great extent the 
rate of heat transfer to the descending materials, and the 
efficiency and speed of the smelting. This matter of local 
heat intensity is of great interest, as it accounts for 
savings due to high blast heats that could not otherwise 
be explained on the basis of actual heat units added to the 
_ hearth by the preheated blast. 
The diminished amount of fuel required by the use 
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of high heats yields a smaller quantity of slag from its 
ash, and requires less limestone for fluxing. A furnace 
of a given capacity contains more ore, and its production 
is, therefore, increased. 

At the present time in this country, every blast 
furnace manager is trying to obtain all the advantages 
possible, such as better quality of product, lower cost of . 
production, and a larger tonnage, by the use of high heats, 


_ but there is a limit as to how far this can economically be’ 


carried out. 

With some furnaces having bad distribution, badly 
worn lines, ete., it is found impossible to make use of 
high heats, such as 1,200° or 1,300° F., and obtain these 
greater economies; but with good distribution and well- 
proportioned furnace lines in good condition, these heats 
can be easily carried most of the time and the economies 
effected ; however, it is essential that operating conditions 
be kept as uniform as possible, and it may be especially 
noted that any irregularity in volume, pressure, or tem- 
perature of blast has decided effects on the maximum 
degree of heat it is subsequently possible to carry on any 
given furnace, and still maintain smooth working. 

‘ One of the savings due to higher heats comes from 
the ability to carry more acid slags. The temperature 
at the tuyeres is more efficient in the removal of sulphur; 
also, on account of the lower coke consumption, we have 
less sulphur to remove. The ability to run more acid is 
a great benefit to successful blast furnace operation, as 
basic slags gradually cause lime to collect on the bosh, 
causing scaffolds and frequent cleaning-offs, all of which 
cause bad furnace operation. Of course our ability to run 
on acid slags depends to a certain extent on the sulphur 
in the burden, and the cinder volume being carried. 


VoLuME oF Buast F'uRNACE Gas. 


There is a definite amount of fuel gas passing off from 
a blast furnace, corresponding to its fuel consumption, 
which has a definite fuel value. This gaseous fuel has a 
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much greater commercial value than an amount of coal 
containing an equal number of B.T.U., as it does not 
require the expense ‘‘handling,’’ and it is an ideal fuel 
for boilers in generating steam, or for use in gas engines. 

On this account we naturally wish to burn this fuel 
very economically in our stoves, so as to comserve as 
much as possible from the balance of gas left over for 
other useful purposes. It is for this reason blast furnace 
operators are giving so much thought to the design of 
the most economical stove to fulfill these conditions. 

There are many types of stoves, such as the two-pass, 
three-pass, and four-pass, which give excellent results 
when well constructed. In regard to stoves the problem 
is to get as simple a stove as possible, having the required 
strength, with the greatest amount of well-arranged heat- 
ing surface, so that all the heat possible will be absorbed 
from the passage of the burnt gases through its checkers, 
and that this heat will also be readily given up to the air 
during its passage through the stove. To better obtain 
these results the tendency is to decrease the size of 
checker openings, and most of the newer stoves have from 
5” to 6” checker openings in place of the customary 9” 
openings. 

Tests show the greater heating effect of the surface 
of a stove brick, compared with the interior. 

In the design of a stove, checker walls should be as 
thin as is consistent with the structural strength, and size 
of checker openings should be as small as operating con- 
ditions will permit, as the surface of the brick exposed 
to the passage of the heated gases is of primary im- 
portance in a stove, and the thickness of walls and size of 
checker openings should be reduced to a minimum, con- 
sidering the structural strength of brickwork required 
in any stove design, and the ability to clean the checker 
openings. 

A modern blast furnace equipped with four well- 
designed stoves 22’ in diameter, 100’ high, having 60,000 
square feet of heating surface each, should have no 


wer 
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trouble in running on a straight line heat of 1,200° F., 
and still have plenty of reserve in case it is demanded by 
the furnace. The average stack temperature from such 
stoves should be below 400° F., nor should it be necessary 
to install five stoves in place of four if washed gas be 
used. 


We will now consider a test run on one of such modern 
stoves: 


EFFICIENCY TEST ON A 22’ 0” x 100’ 0” HOT 
BLAST STOVE. 


Object of Test—The primary aim in view when 
testing this stove was to obtain data on which to base 
future improvements, either in the construction or opera- 
tion of hot blast stoves in order to obtain increased heat 
efficiencies; and, if possible, a decreased equipment; to 


_also obtain data on the comparative efficiency of this type 


with the older types of stoves in use; and to know 
accurately the quantity of gas being consumed in our 
blast furnace stoves. We also aimed to run this test over 
a long period of time in order to compare with former 
stove tests made on short runs. 

Description of Stove-—The stove is an improved two- 
pass Cowper type, outside diameter of shell 22’, height 
over all 100’. A’gas burner is used of the Spearman type. 
The hot-blast nipple and water-cooled hot-blast valve 
used were also of standard type and size. Fig. 4 shows a 
general arrangement of the stove. The combustion 
chamber is roughly elliptical in shape, 10’ 1134” on the 
major axis, 4’ 11” on the minor axis, and rises vertically 
to the dome of the stove, having an area of approximately 
42 square feet. The gas enters on the minor axis of the 
combustion chamber, this axis being placed radially from 
the center of the stove. The combustion chamber is 
separated from the checker chamber by a 221,” fire-brick 
partition, which rises 18” above the top of the checkers 


to form the bridgewall. 
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The checker chamber which fills the remaining space 
below the dome is filled with 15” X 714” X 3” checker 
brick laid as shown in Fig. 4. The stove is provided with 
three standard chimney valves having openings 2014” in 
diameter, two of which open directly into the shell, the 
third opening into a cast iron tee. The cold blast enters 
through this tee, as shown in Fig. 4, and is supplied by a 
2.99’ internal diameter cold blast line. 


Former Tests on Various Types of Hot Blast Stoves.— 
We consider the stove described above one of the best 
and most modern of its class, and its efficiency of approxi- 
mately 60 per cent. is excellent. However, in following 
through this test you will find numerous defects in its 
performance pointed out. We have stove tests on two-, 
three-, and four-pass stoves, all of which show numerous 
Short-comings, so that which type of stove is the best is a 
question that has often to be decided. The results of the 
test given furnish us with information that will aid in 
determining this as well as helping in obtaining still 
higher efficiency from hot blast stoves in the future. The 
use of clean gas is a great aid in this direction, as it was 
impossible to attempt these improvements when dirty gas 
was being used on stoves. 


Description of Apparatus—During the erection of the 
stove, holes were drilled through the shell and brick work 
at three levels, namely, about 18” above the bottom of the 
checkers, at the center level of the checkers, and 18” below 
the top of the checkers, and through the dome above the 
center of the combustion chamber. These holes were pro- 
vided with hat flanges having 4” openings. A 4” diameter 
hole was cut in the shell under each flange, and a 114,” 
diameter hole through the brick work. 

One hole opened through the dome directly above 
the center of the combustion chamber. Three holes 
opened into the combustion chamber through the sides, 
and were cut radially on the minor axis of the combustion 
chamber. Three holes opened into the checker chamber 
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diametrically opposite the holes in the combustion cham- 


ber, and three more were cut into the checker chamber 


on the diameter 90° from the other two holes. The center 
lines through all the holes passed through the center line 
of the stove. The checker brick opposite the holes com- 
municating with the checker chambers were drilled, hav- 


ing 114” diameter holes through them. These openings 


formed continuous passages from the shell to the diamet- 
rically opposite brick walls, giving six passages through 


_ the checkers on 90° diameters, and four openings into the 


combustion chamber. Balconies and platforms with the 
necessary approaches were erected at the required levels 
as shown on Fig. 4. The location of these holes are also 
shown. The gas main, cold-blast line, hot-blast nipple, 
chimney valves and burner base were provided with the 
necessary holes for admitting the apparatus as listed 
below. 

Recording pressure gauges were connected to read the 
following pressures: 

Cold blast entering stove, fuel gas entering stove, and 
draft in chimney valves; also the draft in the combustion 
chamber at the gas burner. Recording thermometers were 
connected to give the temperature of the fuel gas in 
mains, and the cold blast. Recording pyrometers were 
connected to give the temperatures of the stack gases at 
the chimney valves. Recording differential gauges were 
connected to double bent pitot tubes in the gas main, and 
the cold blast line, to give the quantities of fuel gas and 
blast used. A calibrated indicating pressure gauge was 
connected to the cold blast line. Ellison multiplying 
gauges were connected to give the pressures in the gas 
main, draft in chimney valves, draft in the combustion 
chamber and at different places, at various times during 
the test for checking purposes. Calibrated indicating 
pyrometers were used to give the temperatures of the hot 
blast, of the gases at various points in the combustion 
chamber and checkers, and at. the chimney valves. 
Calibrated mercurial thermometers were used to give the 
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temperature of the gas in the mains, the cold blast, dry 
and wet bulb air temperatures, and for checking and 
correcting meter readings, ete. Calibrated mercurial 
thermometers were used to obtain the skin temperatures 
of the stove, Ellison multiplying differential gauges 
were used to check the pitot tube pressures. 
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Continuous and snap gas samples were taken over 
acidulated water contained in two five-gallon glass car- 
boys connected to form an aspirator. Samples were 
taken at the gas main, chimney valves, in the checkers, 
and in the combustion chambers. The samples were 
transferred from the carboys to 200 cc. metal sample cans 
and analyzed in the gas apparatus in use at the plant (a 
modified form of Orsat). 

Dust and moisture determinations were made at stated 
intervals for the dust and moisture contents of the fuel 
gas consumed. The United States Steel Corporation 
standard apparatus was used in making these determina- 
tions. 

Fig. 4 shows the location of the various points and 
the readings taken at the same. A standardized mercurial 
barometer was used during the tests. 


GENERAL METHobDs. 

The general method of running the tests was as 
follows: 

After starting all recording instruments on Monday 
mornings and taking the necessary check readings on all 
instruments, if all conditions were favorable the test was 
started the first time the stove was taken off the furnace, 
and the final hot-blast temperature noted. The test was 
then run continuously regardless of the furnace or blast 
conditions until the following Saturday or Sunday morn- 
ing, whenever conditions could be brought to a final 
balance; and the test was stopped when this balancing 
point, that is the same hot-blast temperature, was 
reached. 

The recording instruments were maintained in con- 
tinuous service throughout the run, charts being changed 
every 24 hours. Check readings on the indicating instru- 
ments were taken every 20 minutes, and the recording 
instruments corrected if necessary. Fuel gas samples 
were started about 10 minutes after the gas was ignited, 
and a continuous sample taken up to within 5 to 10 


80 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


minutes before withdrawing burner. Continuous chimney 
gas samples were taken at the same time from each chim- 
ney valve in service. These continuous samples were 
taken every time the stove was on gas. Dust and moisture 
determinations were made on the fuel gas, once each time 
the stove was on gas. During the time the stove was on 
blast, check readings on all air instruments were taken 
every 20 minutes, and temperature readings of the hot 
blast were taken with an indicating pyrometer every 
minute for the first 10 minutes and every 5 minutes there- 
after. These readings were checked at intervals by 
placing another complete pyrometer in parallel and read- 
ing both instruments at the same time. 


Discussion oF TESTS. 


Table 1 (see page 62) gives a tabulation of the results 
of four six-day tests. The usual methods of calculation 
were used with the exception of the calculation for radia- 
tion. This item was calculated from the following 
formula: B.T.U. per minute = .03 X temperature differ- 
ence inside and outside of wall x height of stove X 
[ (diameter of stove — thickness of wall) + thickness of 
wall.] The original data were taken from the charts by 
averaging the records obtained, and used after making 
all corrections. The tests include time lost for changing 
tuyeres, cleaning stoves, casting, checking, ete. The 
eold-blast mixing valve was open more or less during al] 
the tests. Tests 1, 2, and 4 were run on two stack valves 
und 3 with three stack valves. 

It should be borne in mind that these tests are under 
actual working conditons and include all of the above- 
mentioned disturbing factors in distinction from previous 
short tests made under better conditions. These tests 
show stove efficiencies of from 56.32 to 60.79 per cent. 
(item 78). 

Comparing tests 1, 2 and 4 with a range of from — 
30,735 to 37,744 eubie feet of air per minute and using 
two chimney valves, with test 3 with 39,035 cubic feet of 
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air per minute, using three chimney valves we find that 3 
shows a gain of 2.75 per cent. in efficiency above the best 
test on two valves, and a saving of approximately 5 per 
cent. in unaccounted-for losses. These losses cover stove 
changes, cooling water, loss of gas, ete. During the runs 
with two valves there was a continual escape of flame 
from the stove to the atmosphere around the burner. 
This was entirely stopped when running with three 
valves. The test with three valves shows a slight increase 
in the rate of flow of gases passing through the stove, 
namely, 9,277,841 pounds in 98.064 hours, or 53,820 
pounds per hour against an average of 53,103 pounds per 
hour for the tests with two valves. This difference of 
flow should have been larger, but the gas pressure and 
heat value of the gas was slightly lower during this run, 
and in spite of the increased draft in the combustion 
chamber the total stack gas did not show a sufficient 
increase to determine the effect of an increased velocity 
on the efficiency. 

Items 66 and 67, and 36 and 37 in Table 1 show weights 
of gas and blast through the stove and the time during 
which these weights passed through the stove. These 
show an average flow of gas of 53,282 pounds per hour 
through the stove against an average flow of 166,174 
pounds of air per hour. The gas yields from 76 to 78 
per cent. of its total available heat to the stove, and the 
air withdraws from 56 to 60 per cent., so that the air 
withdraws the heat from the stove nearly three times as 
fast as the gas delivers the same. 

Skin Temperatures.—Skin temperatures of the shell 
of the stove were taken by attaching well-insulated 
wooden mercury wells to the stove at the points marked 
S on Fig. 4. These cups or mercury wells were made by 
drilling a half-inch hole deep enough to hold a ther- 
mometer in the center of a block of wood, and then split- 
ting the block through the center to make two half wells. 
After attaching to the stove, the shell formed the remain- 
ing side of the cup. The wells were filled with mercury 
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and then insulated from the air. The mercury would then 
give approximately the temperature of the shell at the 
point of attachment. Simultaneous readings were taken 
every 15 minutes at the six points marked A, B, C, D, 
E, F, in Fig. 5, during several complete four-hour cycles, 
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and at one or two of these points at additional intervals 
during the tests. The change in temperature at any one 
point during a cycle, as shown in the table on Fig. 5, was 
not over 30° at the maximum point of change and usually 
much less, and the variation from cycle to cycle was 
also less. 

The temperatures found during an average cycle are 
plotted on Fig. 5. These curves are plotted with the O° 
line running parallel to the vertical sides of shell, and 


through the points C. D. at the top of the stove. Ares of 


circles and straight lines across the top connect the 
corresponding points of the two sets of vertical curves. 
The average temperature is shown as a heavy line, and 
the temperatures for gas on, gas off before air was 
turned on and air off before gas was turned on are shown 
as dot and dash lines. 

These curves show the maximum reading at A. The 
true maximum temperature was probably at a point 
between A and B, as the maximum internal temperature 
was found to be about 65 feet from the top of the stove. 

The curves show that the highest skin temperatures 
are on the combustion side, as would be expected, and 
near the bottom. The skin temperature from B to D is 
probably nearly constant, and the temperatures on the 
checker side fall along a curve which is probably some 
function of the internal temperature. 

These curves show us that the best stove construction, 
as determined from the skin temperature, which naturally 
is some function of the radiation (the radiation varying 
as the difference between the fourth powers of the abso- 
lute temperatures according to the Stefan Boltzman law 
for black bodies), would be some form of the center com- 
bustion stove. Or that if the side combustion stove is 
preferred for other reasons, the loss by radiation, which 
on this stove is approximately 10 per cent., could probably 
be reduced 50 per cent. by the use of some insulating sub- 
stance which would have to be heavier on the combustion 
chamber side. Of course the amount of heat loss by 
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radiation. which could be saved by insulation would 
depend on the allowable rise of temperature above the 
present temperatures in the stove, this rise depending on 
the fusibility of the brick and its life under higher tem- 
perature and the possible temperature obtainable by the 
combustion of blast furnace gas. The allowable thick- 
ness, etc., would have to be determined by experiment, 
and by considering the cost of the insulation required and 
the value of the heat saved. 


Checker Temperature Curves.—A series of tempera- 
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tures were taken in the checker work of the stoves. These 
were taken at three levels, through holes left in the shell 
and the checkers as previously described. These tempera- 
tures were taken approximately every three feet, the 
distance being laid out to place the end of the couple 
approximately in the center of a channel and to get tem- 
peratures in the geometrically central channel of the 
stove. Temperatures were taken during twelve cycles, 
and the isotherms shown on Fig. 6 were drawn from the 


temperatures as found on the two average cycles whose 


center temperatures were approximately the same. 
Although the couples were threaded through heavy iron 
pipe with the hot junction left exposed to the gases, great 
difficulty in handling and maintaining the insulation was 
experienced. Some of the trouble was due to supporting 
the 24-foot couples used, when overhanging the platform, 
although the ends were swung from the upper galleries 
and from supports; some were due to handling the heated 
couples and others due to the breaking of the insulation. 
These were finally overcome. All tests having doubtful 
readings or on which couples broke down were thrown out 
and not considered. 

The general procedure was as follows: Tempera- 
tures were taken through holes D, EH, and I, Fig. 6, 
simultaneously in the same channels during one run, and 
through G, H, and I simultaneously in the same channels 
during another, etc. Other readings were taken simul- 
taneously through the holes B, C, and D; C, D, and E; 


_G, D, and I, at different times for tying the various runs 


and readings together. Other conditions on the stove 
were nearly the conditions as found during the tests. 

Temperature readings were taken only during the 
time the stove was on gas as we encountered special 
difficulties in attempting to take readings under blast, 
due mainly to leakage under the high pressure, and the 
difficulty of handling the instruments under these condi- 
tions with hot blast escaping around them. 

As soon as the stove went on gas the holes were ovened 
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and the couples inserted to the first position. ‘We found 
that the couple indicated the temperature in about two 
minutes. To make certain of the readings, however, the 
couples were allowed to remain in position for five 
minutes before taking the readings. The couples were 
then pushed to the next position and read after five 
minutes, and so on from position to position back and 
forth across the stove until about 20 minutes before 
the stove went on air, when the couples were withdrawn 
and the holes made tight. 

After making all corrections, the simultaneous read- 
ings taken in the same channel were plotted to tempera- 
ture and position ordinates and connected by a curve. 
The approximate points for each 100° from 400° to 1,700° 
were then located and marked on the cross section of the 
stove. This was done for the series of readings across 
the checkers and the isotherms for that series drawn by 
connecting points of equal temperature. The dotted 
lines on Fig. 6 are the isotherms for the first series of 
readings after the stove went on gas, and the full lines 
are for the series taken two hours later. 

The curves shown in the sections x-x-x, y-y-y and 
z-Z-Z were obtained by locating the points where the 
isotherms crossed these planes and then connecting these 
points by a series of isotherms. These isotherms are only 
approximate as readings were only taken on two 
diameters at right angles. In section x-x-x the area com- 
pletely enclosed by the 1,400° isotherm has a temperature 
below 1,400°, and the area enclosed between the 1,400° 
isotherms has a temperature above 1,400°, and the area 
enclosed between two isotherms of different temperatures 
is at a temperature below the higher and above the lower. 
The same applies to the sections y-y-y and z-z-z. 

On studying these curves we note the following, re- 
membering that the gases are traveling downward. The 
isotherms in the section through D, H, F have their low 
points nearer the shell than the combustion chamber, and 
in the secticn through G, H and I the low points are near 
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the center. The distance between the isotherms for the 
Same temperature at the start and two hours later is 
variable and is greatest nearer the shell than the combus- 
tion chamber. The distance is proportional to the speed 
of heating of the checker work, the greater the distance 
the more rapid the heating, and conversely. The gases 
enter the dome and checkers at temperatures which are 
fairly even across the combustion chamber as shown by 
the temperatures at C and over the area of the checker 
chamber as shown by the 1,700° isotherms. The rate of 
transmission and the amount of heat transmitted ‘as 
shown by Luche, Jordan and others for gases, to solids, 
or liquids, and opposite, varies directly as some function 
of the weight of gas flowing per second per unit of area 
of the conduit. Then those areas of the checkers which 
are heating more rapidly than others have more gases 
flowing through them. These curves then show a very 
uneven distribution of the gases flowing through the 
checkers and that the greatest flow is at or near the shell, 
and probably has its maximum flow in an area approx- 
imating a circular band following the outline of the shell. 
The dotted isotherms also indicate the thermal condi- 
tion of the checkers after passing the blast, and show that 
the blast is also poorly distributed, especially as the 
heavy flow is nearer the combustion chamber distributing 
mainly through the center and sides on section G, H, I. 
This poor distribution of the flow of gases is very serious 
in its effects, especially as the concentrations of the flow 
of gas and air are in different parts of the checker work. 
This tends to give lower stove efficiency, due to poor heat 
interchange between gas and air and increased radiation 
losses due to higher temperatures near the shell. 
Location of Maximum Temperature in the Combustion 
Chamber—A number of tests were made at different 
times to locate the maximum temperature point in the 
combustion chamber. Table 2 shows the average results 
of these temperatures. This locates the maximum point 
65 feet from the top of the stove, or about 16 feet below 
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the openings at the center of the checkers. That is hole 
B on Fig. 6. These temperatures were taken with an 80- 
foot couple which had to be reinsulated after the comple- 
tion of each run. The couple was dropped through the 
opening above the center of the combustion chamber, and 
readings taken every ten feet. 

Gas Analysis and Dust and Moisture Tabulations.— 
Table 3 gives the fuel gas analyses; Table 4, the corre- 
sponding stack gas analyses, and Table 7, the correspond- 
ing dust and moisture determinations. These tables are 
appended to show the fuel and combustion conditions 
that were obtained during these tests. 

Gas Analysis in Checker Chamber.—Table 5 shows 
two series of analyses made on the gases in the checker 
chambers. The series on November 26 are given to show 
one of the few cases found where combustion was not 
complete before the gases reached the checkers. 

In the series for December 1 it will be noticed that the 
gases towards the shell show a higher density at these 
points. We also call attention to the variations in 
analyses taken at the same time at different parts of the 
stove and at the chimney valves. 

Gas Analyses at Different Points—Table 6 shows 
analyses of the gases at different points in the combustion 
chamber and checkers, and corresponding fuel gas 
analyses. It will be noticed that the gas burned progress- 
ively in vertical layers, that the samples above the burner 
always showed poorer combustion than at the burner 
level, and that combustion was not complete until the 
gases had passed into the dome of the stove. 


Gas Burner.—Throughout the runs it was found that 
the gas was burning explosively, vibrating the stove and 
its surroundings, and throwing out flame around the 
burner. All pressure instruments in connection with 
the gas system showed the effects of this vibration. This 
vibration was actually traced from the chimney valves 
to the gas in the mains approaching the stove. We noticed 
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that. this vibration increased in rapidity with three 
chimney valves, but not in intensity. 

In connection with the burner a whirling device was 
here added. This slowly whirled the air entering the - 
burner. We found that this decreased the vibrations in 
the combustion chamber and allowed a decrease in the 


air supply so that the chimney gas analysis with these 


valves on showed an average of from 1.6 to 2.4 per cent. 
O. with no CO, that the combustion chamber temperature 
at the 50-foot level was increased by from 50 to 75° F., 
and that the stove continually increased in temperature. 
We made repeated attempts to obtain a complete eight- 
hour test with this burner, but the conditions at the 
furnace were such that the blast was very unsteady, and 
it was not possible to obtain a balance on the stove as the 
final temperature of the blast was from 100° to 150° 
higher at the end of the test than at the start, and even 
when holding the stove for 15 minutes past its regular 
time, no balance could be obtained. Ja connection with 
the temperature work in the checker chamber, we 
attempted to take pitot tube readings at various points to 
obtain the actual velocities of the gas at these points. 
The vibrations of the gas were so severe that we found it 
impracticable to obtain any readings of value. 


Summary oF TEs. 

(1) That improvement can be made in the distribution 
of gases through the checker work of the stove. The 
dome does not fully accomplish this. It may be possible 
that a baffle or change in bridge-wall height could be 


’ added to advantage in the dome. 


(2 That the stove gives better efficiency when using 
three chimney valves. 

(3) That prolonged tests are practicable and give 
much more reliable results on which to base conclusions 
than do short tests.. 

(4) That a much more efficient hurner can be perfected 
so as to get more efficient combustion. It may require 
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gas and air regulators in order that we can premix just 
the right quantities of gas and air to obtain the best 
efficiency. 

(5) The velocity of the gas passing through the stove 
is very low compared with that of the air, and that the 
air withdraws the heat from the stove much faster than 
the gas supplies the heat. This ratio is approximately 
that of the weight of gases flowing per hour. 

(6) Loss from chimney gases (approximately 20 per 
cent.) is well worth saving by heat exchangers for pre- 
heating the blast before its entry into the stove or for 
preheating the air used for combustion of the gases 
burned in the stove. A very desirable arrangement would 
be a fan under slight pressure to force the air required 
for stove burners through a preheater of this kind. All 
the mixing should be done in the burner. The additional 
temperature of air and the slight forced draught would 
aid greatly in obtaining a higher combustion temperature 
in the lower part of the combustion chamber, shorten the 
flame, and confine all the combustion to the combustion 
chamber, so that the hot products of combustion alone 
will pass through the checker work. In many cases the 
combustion is not complete at the top of the checkers. 

(7) Radiation losses amount to from 7 to 12 per cent. 
from the exposed surface of the stove. It may be possible 
to find a.more efficient insulation between the brickwork 
and the shell. 


TEST OF HOT BLAST STOVE. 
TABLE 1—RESULTS OF TESTS. 


Zo Number 08 (tegtiscsistew nee eth sine eet 1 2 3 4 
2 Mate rol testy acca aces sn eetemnet stents oraP AS at a 11/3 to 11/10 to 
1 /1/1 11/9/13 11/16/13 
3. Blast furnace and stove number.. “‘G’’ No.4 “G@” ele ei bog hast oy by 
4; Size’ of Stoves: snes cateenanine seeueene 22’ 100’ 22’X100’ 22’X<100’ 22’100’ 
Bi TYDO: cccdecececevivesondensesiimgseee, OG WORPARS: lt WO aSha wo Oss Osease 
6. Heating surface in checkers, sq. 
Et. cececssceventeccccccncenesensercs 51,192 51,192 51,192 51,192 - 
7. Cubic contents in checkers, cu. ft 8,894 8,894 8,894 8,894 
8. Ratio of heating surface to cubic : 
contents of brickwork in check- 
2) es ROOT RID oR I ee Lae IG 5.75:1 5.7531 75: 75: 
9 nie nae weight of brickwork in gas par 
stove, BA iarae Macnsie slinrtere Mem iCate 3,617,000 3,617,000 617, 
10. Estimated weight of iron in stove, aie Sas 
Ss. 


sisje 3A aici aelhieie bb e.edinieisn SUMMA ae 223,000 223,000 223,000 223,000 
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PRESSURES. 
ats ce furnace gas in main, =e 


H.O 
13. Draft in chimney No. 1, In. H,0 
14. Draft in chimney No. 2, In. HsO 
15. Draft in chimney No, 8, In. H.O 
16. ao draft at chimneys, In. 
ye Blast in main, Ibs. per sq. in.... 
18. Barometer at 32° F., In. Hg 


ARBAS. 
1S, Burner opening. (aq. IN.v.sscce. 
20. Area of gas leg, sq. in........... 


TEMPERATURES. 
21. Le a furnace gas in ene degs. 


ee eeeee 


22. Cold blast ‘in “main, ‘degs.. F SaGQr AO 
28. Hot blast in main, (CEE eae 
24. Gases No. 1 chimney (min, degs. 


25. Gases No. 1 chimney (max.), degs. 


30. Gases No. 3 chimney (min.), degs. 


Se Sages No. 3 chimney ‘(max.), ‘degs. 


34, Cates, wet bulb, degs. F... 
35. Atmosphere, dry bulb, degs. F... 


DURATION. 
26. Time stove on gas, hours........ < 
37. Time stove on blast, hours....... 
38. Total elapsed time for test, hours 


GAS. 
39. Heat value per cu. ft. of dry gas 
at 62° F. and 30” Hg. (gross), 


Bey eal acce> Soo ence 
40. Grains of moisture per cu. “ft. “at 
G620nr wand 307 Hg. ie.0. en. sauten 


41. Grains moisture per cu. ft. as 
actually existed in main, grains 

42. Total gas consumed at condition 
in main, cu. ft. 

43. Total gas ‘consumed ‘at 62° EF. “and 
ON ELS s, CW as Abc ig aieisioreleaivieisio(eiieie= 

44, Gas consumed per min. at tem- 
perature and prewure in main, 
eny ite 


45. Gas ‘consumed. per 1 min. ‘at. 62°. FP. 
and 807 Hie. seU. fhe yas canes 
46. Total moisture in gas consumed, 
PERSIE, eseisioroicicla el stibexe die = sxieiolelais.c'e s sinvow 
47, Grains of dust per cu. ft. at 62° F. 
and 30” Hg., grains..... ateyeiaisttieless 


48. Grains of dust per cu. ft, 228 
actually existed in main, grains 
49. Total dust in gas consumed, lbs.. 


BLAST 
50. Total air blown at condition in 
MAIN, CW. Lr cwercccecinssceors 
51. Total air blown at 62° F. ‘and 30 
Hg., CU. ft. ......0002erceer coerce 
52. Total air blown per min. at 62° 
F. and 30” Hg., cu. ft........ hao 


” 


3.46 


1.38 
Not on 
1.40 
1.39 


13.45 
29.500 


165.29 
1,366.36 


85.52 
178.0 
1,356.0 
390.0 
600.0 
513.0 
Not on 
Not on 


Not on 
400.0 


95.481 
35.771 
136.100 


94.63 
7.410 

7.03 
28,701,589 
27,237,808 


5,010 
4,754 
30,395 
0.0719 


0.0682 
156.52 


42,959,540 
65,964,374 
30,735 


1.58 
14.87 
29.380 


165.29 
1,366.36 


63.21 
163.5 
1,218.0 
459.0 
612.0 
563.0 
Not on 
' Not on 
Not on 
374.0 
531.0 
488.0 
526.0 


44.43 
41.73 


72.488 
27.145 
103.908 


93.03 

5.69 

5.59 
25,139,665 
24,687,151 


5,780 
5,676 
20,061 
0.0811 


0.0802 
286.02 


36,754,254 
59,714,636 
36,664 


2.60 
1.25 
1.45 
1.50 
1.54 
1.47 


16.90 
29.239 


165.29 
1,366.36 


67.42 
172.5 
1,183.0 
437.0 
590.0 
540.0 
395.0 
695.0 
545.0 
403.0 
570.0 
515.0 
533.0 


50.26 
55.48 


» 98.064 
34.949 
140.000 


88.51 
5.55 
5.41 
31,341,274 
30,604,754 


5,326 
5,201 
24,227 
0.1885 


0.1352 
605.50 


46,590,295 
81,854,489 
39,035 
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2.85 

92 

1.48 
Not on 
1.56 
1.52 


16.84 
29.280 


165.29 
1,366.36 


57.94 
1,200°0 
391.0 
589.0 
537.0 
Not on 
Not on 
Not on 
360.0 
596.0 


538.0 


100.398 
35.080 
140.633 


95.11 
4.86 
4.87 


- 30,528,654 


30,623,293 


5,069 
5,084 
21,248 
0.1876 


0.1882 
814.02 


45,920,948 
79,443,240 
37,744 


92 


86. 


88. 


89 CO, per cent. of volume 
90. Og per cent. of volume 
91. He, per cent. of volume.. 


. Total dry air heated, lbs.......... 
. Total moisture heated, Ibs........ 


. Grains of moisture per cu. ft. at 
conditions in main, grains 


ATMOSPHERE. 


. Grains of moisture ti! eu. fh, 


grains 


. Humidity, per antes Soe eee 
. Total dry air entering stove for 


combuntion, | IRR, vicsccssecctuspane 


. Total moisture entering stove with 


air for combustion, Ibs.......... 
TOTAL QUANTITIES. 


. Total weight of dry gas con- 


sumed, Ibs.. 


. Total weight of ‘ary ‘air “for “com- 


bustlon,, Us. ccccdcntues a eotesecenk 


. Total weight of moisture entering 


stove during combustion, Ibs... 


. Total weight of moisture generated 


by ‘Combuation,= 1be.4) Ss.60c shoes 


. Total weight of dry air heated for 


PIGHE* TRS occas cnc cans oaks Seen 


. Total weight of moisture heated 


for blast, Ibs.. 


‘ Bay weight of gas ‘through ‘stack, 


EFFICIENCY. 


. Total heat absorbed. by blast, 
EU. 


. Total heat generated (corrected 


for sensible heat in gas above 
6 RS Bor. ‘ 


. Efficiency, per Cantiesccs Saaen ae 


HEAT BALANCE. 


. Total heat absorbed by blast, 


po i ee er ee Oe 


. Loss of heat to dry chimney 


PURO, OE. Ua c San case tn Sarees 


. Loss of heat to incomplete com- 


bustion, B.T.U.. 


. Loss of heat to moisture ‘in ‘air 


and gas, 


. Loss of heat to “moisture “from 


hydrogen, B.T.U.. 


. Loss of heat to radiation, B. T.U. 
. Loss of heat unaccounted for, due 


to stove changes, etc., B.T.U 


s Ede heat absorbed by blast, per 


nt. 
f Wiss of heat to “a chimney gases, 


per cent.. 


. Loss of heat to incomplete ‘com- 


bustion, per cent................ 


. Loss of heat to moisture in air 


en@«FaK, per, Sant... cesscussoces 


. Loss of heat to moisture from 


hydrogen, per cent.. 


- Loss of heat to radiation, “per 


cent, 


. Loss of heat 1 unaccounted. for, due 


to stove changes, etc., per cent. 
THERMAL OUTPUT. 


. Total elapsed time for test from 


time stove was taken off fur- 
nace at start to end of test, 
hours 


RARLy ccsne wae ois Seecc<cu GhU eee 


FUEL GAS ANALYSIS. 
COs, per cent. of volume 


92. Ng, per cent. of volume. 


9.03 
5,030,347 
36, 

5.8800 
76.10 
2,301,734 
16,399 


2,043,553 
2,301,734 
46,794 
50,004 
5,080,347 
36,086 


4,442,085 
5,066,433 


4.83 
4,611,814 
25,397 


23 


2.9754 
75.50 


2,479,571 
13,869 


1,840,827 
2,479,571 
33,930 
48,240 
4,611,814 
25,397 


4,402,568 
4,637,211 


6.27 
6,150,198 
41,745 


3.5408 
70.20 


2,868,633 
19,480 


2,309,350 
2,868,633 
43,707 
56,151 
6,150,198 
41,745 


5,277,841 
6,191,943 
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5.23 
6,162,178 
34,303 


2.9654 
79.93 


2,834,483 
15,757 


2,290,046 
2,834,483 
37,005 
64,449 
6,162,178 
34,303 


5,225,983 
6,196,481 


1,417,521,450 1,264,629,900 1,618,537,227 1,664,227,221 


- 2,517,129,355 2,234,916,219 2,662,441,226 2,867,251,184 
60.79 58.04 


56.32 


56.59 


1,417,521,450 1,264,629,900 1,618,537,227 1,664,227,22) 
487,848,410 484,272,391 


0 
10,574,040 
63,693,595 


0 
7,639,679 
61,407,590 


261,638,640 199,752,739 
275,853,220 217,213,920 


56.32 
19.38 
0 
0.42 
2.53 
10.39 
10.96 


136.100 


39,627,672 


10,415, 294 


13.31 
25.22 


56.59 
21.67 
0 
0.34 
2.75 
8.94 
9.72 


103.908 


46,587,950 


12,170,669 


13.15 
24.54 


584,433,439 
0 
10,005,844 


71,689, 666 
269,136,000 


108,639,050 
60.79 
21.95 


140.000 


46,311,403 


11,560,980 


582,916,975 
0 
8,561,107 


82,439,938 
270,352,879 


258,753,064 
58.04 
20.33 


140.633 


47,440,913 


11,833,831 
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STACK GAS ANALYSIS. 
3. piece No. 1, COs, per cent. of 
ELUTION alates eh aicldur ec mran oorncc 19.91 5 fF ‘ 
94, nieek No. 1, CO, per cent. of Bae ee Ce 
PROLUIO ME eriipard cet cameos Valectes.esiesn Nil i i 
95. Stack No. 1, Oo, per cent. of oe ay, ete 
WOUITIO adc Aacreacale cackeitamtces cde a 3.99 5.67 5.18 4.70 
96. Stack No. 1, Hoe, per cent. of 
MOVIMOA Dc. Saas eek eameh aces occas Nil Nil Nil Nil 
97. Stack No. 1, No, per cent. of 
AMOUR Our ereales eter are tread o Na carci 76.08 76.57 76.66 77.15 
98. Stack No. 2, COs, per cent. of 
VOMITING ae arcohite dale cvaee cut canoe 16.95 
99. Stack No. 2, CO, per cent. of 
volume Soe ne ns iene aa Nil 
100. Stack No. 2, Os, per cent. of 
PROUIUES OMioige coe oh scenic ccis coer 5.72 
101. Stack No. 2, Hy, per cent. of 
MOMMA M ene ie ns inin Tne ts ee ticies bene Nil 
102. Stack No. 2, No, per cent. of 
WOLWINIO! CF ciccinsiscticuick ewscoasecovke 77.33 
103. Stack No. 8, COs, per cent. of 
WOME Sc cote aC awdswa teese scence: 19.92 17.50 17.88 18.01 
104. Stack No. 38, CO, per cent. of : 
MORUBIOM Fs cass aniecines eee ce nis Nil Nil Nil Nil 
105. Stack No. 8, Os, per cent. of 
MOU WTO nici niaic siclaniets sla ee curreic Ua hora © 3.91 5.63 5.14 5.17 
106. Stack No. 3, Ho, per cent. of 
MORENO woes iain, oe retin nis Bisidvow ea sae Nil Nil Nil Nil 
107. Stack No. 3, No, per cent. of 
NMOLUMO ache t ete he cerdeite sce sae ciara 76.17 16.87 76.98 76.82 
AVERAGE STACK ANALYSIS. 
108. COs, per cent. of volume......... 19.92 17.63 17.66 18.08 
109. CO, per cent. of volume.......... Nil Nil Nil Nil 
110. Oz, per cent. of volume........... 3.95 5.65 5.34 4.93 
111. Hs, per cent. of volume........... Nil Nil Nil Nil 
112. Ne, per cent. of volume.......... 76.13 76.62 77.00 76.99 
TABLE 2—TEMPERATURE IN COMBUSTION CHAMBER. 
Temperature, 
Time. Location. Degrees F. 
0 minutes 75’ from top 2,175 
10 minutes 65’ from top 2,225 
20 minutes 55’ from top 2,121 
30 minutes 45’ from top 2,045 
40 minutes 35’ from top 2,050 
50 minutes 25’ from top 1,951 
60 minutes 15’ from top 1,894 
70 minutes 6’ from top 1,863 
TABLE 3—ANALYSES OF FUEL GAS. 
B.T.U. per Cu. Density of Dry 
Analysis—Per Cent. of Volume. Ft.at62°F. Gasat 62°F. 
and 30” Hg. and 30” Hg. 
Test. CO; Oe CO ial N, Gross. Net. Lbs. per Cu. Ft. 
Test 1.... 13.31 0.28 25.22 3.91 57.28 94.63 92.67 .076829 
Test 2.... 13.15 0.38 24.54 4.11 57.82 93.03 90.97 .076647 
Test 3.... 13.12 0.46 23.38 3.88 59.16 88.49 86.53 .076769 
Test 4.... 11.94 0.52 24.84 445 59.25 95.11 92.91 .075890 
Norte. 
Test 1—Average of 36 samples taken at 4 hour intervals, from 8:30 A. M., 
Sept. 15, 1913, to 4:30 A. M., Sept. 21, 1913, inclusive. 
Test 2—Average of 26 samples taken at 4 hour intervals, from 8:30 A. M., 
Cet. 28, 1913, to 12:30 P. M., Nov. 1, 1913, inclusive. 
Test 3—Average of 35 samples taken at 4 hour intervals, from 11:30 A. M., 
Nov. 3, 1913, to 3:30 A. M., Nov. 9, 1913, inclusive. 
Test 4—Average of 38 samples taken at 4 hour intervals, from 11:30 A. M., 


Nov. 10, 1913, to 4:30 A. M., Nov. 16, 1913, inclusive. 
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TABLE 4—ANALYSES OF STACK GAS. 


Stack No. 1 Stack No. 3 
Per Cent. by Volume. Per Cent. by Volume. 

Test. co, O, N, co CO, O, N, co 
Mesias lure ctr tit 19.91 3.99 76.08 Nil 19.92 391 76.17 . Nil 
Testes ataioiies ae 17.76 5.67  76.57'- Nil 17.50 5.62 76.87 Nil 
TeRtmD. sistaate bre 17.66 5.34 77,00 “Nil 47.89. G14> 7687 5h 
TRGB tO A, uaeanereer= 16:95° 5.72. Wit.oo Nak . 
Gs tueas eractortst 18.14 4.70 74.09 Nil 1801 490 7681 Nil 

Norte. 


Test 1—Average of 36 samples taken at 4 hour intervals, from 8:30 A. M., 
Sept. 15, 1913, to 4:30 A. M., Sept. 21, 1913, inclusive. 

Test 2—Average of 26 samples taken at 4 hour intervals, from 8:30 A. ME, 
Oct. 30, 1913, to 12:30 P. M., Nov. 1, 1918, inclusive. 

Test 3—Average of 35 samples taken at 4 hour intervals, from 11:30 A. M., 
Nov. 3, 1913, to 3:30 A. M., Nov. 9, 1918, inclusive. 

Test 3a—Average of 22 samples taken at 4 hour intervals, from 3:30 P. M., 
Nov. 6, 1913, to. 3:30 A. M., Nov. 9, 1913, inclusive. (This 
analysis from Stack No. 2, per cent. by volume.) 

Test 4—Average of 38 samples taken at 4 hour intervals, from 11:30 A. M., 
Nov. 10, 1913, to 4:30 A. M., Nov. 16, 1913, inclusive. 


TABLE 5—GAS ANALYSIS IN CHECKERS. 


Distance 
from 
Time of Shell of Analysis. 

Date. Sample. Hole. Stove. CO, O, N, CO Density. 

11/26/13 11:10 A.M. D 6’ 17:0. “49° o77.90 0.2 

12:20 P. M. 16:9 *<1.6% Sie cOl: 
Average 16.95 3.25 79.5 0.3 .081372 

e 

11:10 A. M. E 6’ 17.6; "6:0 764s Nal 

12:20 P. M. 17.05 V7.0" SGU Nal 
Average 17.3 6.5 76.2 Nil .081864 

11:10 A. M. F 6’ 16.8°- 7.2" = 760) Na 
12:20 P. M. 13:2)? a TGie teas BNAD 
Average 16.8 74 76.0 Nil .081724 

11:10 A. M. Stack No. 3 17:0, 7.0" 7607 Nal 

12:20 P. M. 16.8 68 76.4 Nil 
Average 16.9 69 76.2 Nil .081735 

12/1/13 10:30A.M.) q 
rah ek af Stack No.1 184 6.0 75.6 Nil .082283 
10:30 A. M. 

1:30 P. M pStack No.3 19.0 54 75.6 Nil .083319 
3:00 P. M. E 3'9” 22.0 3.6 74.4 Nil .083572 
3:00 P.M. H 210 40 75.0 Nil .083185 
3:00 P. M. E 779” 20.8 2.8 76.4 Nil .082973 
3:00 P. M. H 12.4 24 85.2 Nil .079334 
3:00 P. M H 11’9” 22.8 0.6 712 Nil .079614 


ae nein ena 
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TABLE 6—GAS ANALYSIS AT VARIOUS POINTS IN THE STOVE. 


Distance Distance Per Cent. Fuel Gas 


from from Gas in Stove Per Complete Analysis Per 

Inner Outer Cent. by Volume. Combus- Cent. by Volume, 

Hole. Wall. Wall. Time. CO, CO Hz O2 Ne tion. CO Hz COs; Ne 

Burner x” 10:10 A. 19.9 4.0 1.7 0.8 74.1 80.4 24.5 4.5 14.0 57.0 
Burner alg 11:00 A. 18.3 4.5 1.1 0.4 75.7 80.5 24.5 4.5 14.0 57.0 
A Az 10:10 A. 12.7 8.6 2.3 1.2 75.2 62.8 25.1 4.2 14.3 56.4 
A nt 10:30 A. 16.4 6.0 2.2 0.5 74.9 72.0 25.1 4.2 14.3 66.4 
B at 10:40 A. 17.1 4.3 1.7 0.8 76.1 79.6 25.3 4.1 13.5 57.1 
B 5h 11500 A. A877 22 1.0 0:8 T74- 89.5 25.8 4.1 13.5 67-1 
Cc 14 10:55 A. 20.9 11 0.38 0.5 77.2 95.8 25.4 3.9 14.5 56.2 
Cc ae 11:15 A. 21.6 2.0 0.0 0.8 76.1 98.0 25.4 3.9 14.5 50.2 
D le 9:25 A. 20.1 0.0 0.0 0.9 79.0 100.0 25.4 3.9 14.5 56.2 
D EY 9:45 A. 21.5 0.0 0.0 0.9 77.6 100.0 25.4 3.9 14.5 56.2 
E ad? 2:20 P. 22.9 0.0 0.0 0.9: 76.2 100.0 25.3 4.1 13.5 57:1 
E Reh 2:00 P. 22.9 0.0 0.0 0.9 76.1 100.0 25.3 4.1 18.5 57.1 


TABLE 7—DUST AND MOISTURE IN BLAST FURNACE GAS. 
Grains per cu. ft. at 62° F. and 30” Hg. 


Test 1 Test 2 Test 3 Test 4 
IMOISEUM Gms nt cave mes neue ere aie 72413 5.6885 5.5469 4.8614 
TRATES A aostc tere Cote Peet Re eS -07186 -0811 1385 1876 


THE USE OF WASHED GAS IN BLAST FURNACE 
STOVES. 


The use of clean gas in blast furnace stoves is abso- 
lutely necessary if we wish to secure the most efficient 
results. 

With clean gas, smaller checker openings can be used 
and greater heating surface obtained, we do not blow so 
much dust through hot-blast valves, pipes, tuyeres, etc., 
and they are not cut so badly, nor is nearly the amount of 
costly repairs required on this equipment or on the linings 
of the stoves themselves. We can also get perfect combus- . 
tion with clean gas and have a uniform heat at our com- 
mand at all times for the blast furnace. These results 
cannot be obtained with dirty gas, due to the plugging up 
of checker openings and the filling up of the stove wells 
with clinker, which is very difficult to remove, and which 
injures the walls of the combustion chambers and the 
efficiency of the heat absorption of the entire brickwork of 
the stove. 

The usual practice for a plant with several blast 
furnaces is to use an efficient dust-catcher on each fur- 
nace, and at times additional auxiliary dry dust catchers 
or dry cleaners so as to catch as much as possible of 
the heavy material sent over with the blast furnace gases, 
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as this material is valuable and can more easily be 
taken care of in the dry state. From here the gas is 
collected in one central dirty gas main, and from this 
main conducted to the washers, or it can be used directly 
as dirty gas in emergencies. This arrangement tends to 
equalize the variations in the composition and amount of 
gas given off by the different furnaces, and better and 
more regular results are obtained. 

The most important point in all gas-washing processes 
is to cool the gas sufficiently to precipitate the moisture 
and eliminate it from the gas. The ideal condition for 
blast furnace stoves or boilers would be a hot gas contain- 
ing neither dirt nor moisture, but very good results are 
obtained with a dirt content in the gas of .15 of a grain 
per cubic foot and a temperature of 70°, which corre- 
sponds to a moisture content of 8 grains per eubic foot 
at saturation. 

Anyone wishing to study the different gas-cleaning 
processes further is referred to Mr. Forbes’ paper, read 
before the American Institute of Mining Engineers, 
October, 1913, and Mr. A. N. Diehl’s paper, read before 
the same society, in February, 1914. 


POWER PLANTS IN CONNECTION WITH BLAST 
FURNACES. 


Of late, much greater thought and study is being given 
to this part of the subject than heretofore, as we fully 
realize that the steam practice in blast furnace plants is 
not comparable with that of modern central power 
stations. 

Most of the large blast furnace plants in this country 
have been gradually increased in capacity by adding one 
or two additional furnaces from time to time, as addi- 
tional product was required. In most eases this has 
resulted in separate boiler plants, blowing plants, ete., 
being installed for each set of furnaces added, which, of 
course, has not tended towards lower operating costs or 
decreased fuel economy. It has always been customary, 
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however, in these cases, to connect the gas and steam lines 
from all the various units, which has helped the efficiency 
to some extent. 

It is very important to concentrate power plants as 
much as possible to effect savings in operating cost, as 
well as in fuel. 

If boilers are used, the boiler plants should be as few 
as possible, and consist of large units, so as to keep at a 
minimum the number of units required for large powers, 
_as the maximum concentration of power is always an 
advantage to effect savings in costs. The steam pressure 
used should be 175 pounds or more, and the plant should 
’ have all modern economical appliances, such as super- 
heaters, feed-water heaters, and, when necessary, water- 
treating plants, fuel economizers, etc. Higher boiler 
efficiencies can be attained by careful study of these 
various details, as well as the more efficient burning of 
gas on gas-fired boilers, the adoption of time firing of coal 
as practiced on marine coal-fired boilers, or by the use 
of powdered coal. By attention to such details it should 
be possible to raise the average boiler efficiency well up 
towards 80 per cent. It is preferable to have a separate 
boiler-house in a blast furnace plant on account of the 
dust, dirt and gas unavoidably connected with plants of 
this kind. 

In making a selection of steam blowing engines, turbo 
blowers, or gas blowing engines, as well as steam turbines 
or gas engines for power purposes, the local conditions 
regarding the value of fuel must be studied, as well as 
the considerations as to whether there is an outlet for 
excess power in connection with other departments, such 
as steel works or other industrial plants. We can expect 
to obtain approximately 22 per cent. thermal efficiency 
from the gas engine, and with additional modern improve- 
ments such as those which make use of the heat usually 
wasted in the cooling water and in the exhaust gases, 
these efficiencies will no doubt be still further increased 
when their use becomes general. 
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Modern steam blowing engines or turbo blowers with 
the installation of modern boilers, from all the informa- 
tion I have been able to obtain, cannot show over 12 per 
cent. thermal efficiency. 

The turbines used for power purposes may do slightly 
better than this, on account of the practicability of their 
installation in very large units. 

Many claims are made for the turbo blower on account 
of its delivering a more uniform supply of air, effecting a 
lower coke consumption, greater production, ete. These 
claims look very questionable as it takes a definite amount 
of oxygen to consume a definite amount of carbon, no 
matter how it is supplied; therefore, in choosing between 
turbo blowers and gas blowers, it looks as if the efficiency 
and cost of the different kinds of prime movers, their 
operating cost and upkeep, and the fuel value in the 
district, alone should be considered. 

Considering fuel costs, cost of installation, ete., the 
blast furnace gas engine would be the choice in most 
modern blast furnace installations, except where the value 
of fuel is very low, or where there is no outlet for excess 
power. 


THE USE OF DRY BLAST FOR BLAST FURNACES. 


Under the heading of air supplied to blast furnaces; 
we have considered the importance of eliminating mois- 
ture, and have also mentioned the Gayley dry blast 
process. This process helps greatly to more uniform and 
successful blast furnace practice, as in addition to pro- 
ducing uniform moisture content in the air blast, it gives 
the furnace a uniform supply of oxygen by weight, and I 
am satisfied that Mr. Gayley’s original claim, ‘‘The claim 
IT personally make for the process is that with an increase 
in output of 10 per cent. the saving in fuel per ton of iron 
will be reduced 10 per cent., and I consider this conserva- 
tive,’”? has been borne out by later experience with the 
plants using dry blast. 

I am aware that there have been instances in which 


a 
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the results from these plants have been disappointing, as 
much greater savings were expected than Mr. Gayley 
originally claimed; but in a matter of this kind the results 
in one particular case should not be considered, but rather 
the average results of all installations accepted as 
decisive, and I know that, on the average, Mr. Gayley’s 
claim has been fully borne out. 

There are very special cases where a furnace is on 
very low coke per ton of iron, say from 1,600 to 1,800 
pounds, when conditions happen to be most favorable, 
but this is by no means an average condition. In such 
cases we could not look for the entire saving, but even 
on that basis we would gain much by the increased regu- 
larity due to dry blast. It must be remembered that the 
quantity of carbon in a blast furnace must always be 
sufficient to maintain a reducing action in the gas pro- 
duced by oxidation of fuel at the tuyeres. 

I would like to go into this process more in detail, but 
will call your attention in this connection to some ancient 
history in the use of hot blast, which, in my judgment, is 
also applicable to dry blast, showing that the local condi- 
tions must be taken into consideration. 

_ When hot blast was first introduced in Scotland by 
Nielson, the economy effected was very great, and it 
spread rapidly through Scotland. When its advantages 
became known, installations were made in other countries, 
but in some cases the saving in coke consumption, in- 
creased production, etc., were not so great, due to the 
fact that the local furnace practice did not offer the same 
comparison as did the Scottish; but in all instances its 
introduction was accompanied by increased production, 
and with marked economy in fuel. 


FUTURE DEVELOPMENTS IN BLAST FURNACE 
PRACTICE. 


The application of the sciences of Physics and Chem- 
istry to blast furnace practice has made a wonderful 
transformation in the manufacture of iron. We have 
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reviewed many of the important details of this subject. 
The question now is what can be expected in the way of 
future advancement. 

With the exception of coke and some additional treat- 
ment required for ores, the raw materials will remain 
practically the same. By-product coke, on account of its 
manufacture allowing the mixture of various kinds of 
coal, will in the future replace all beehive coke operations, 
since it permits the use of large quantities of coals which 
alone are not suitable for beehive coke manufacture. 
Coke oven gas, tar, ammonium sulphate and benzol will 
be recovered. More use will be made of blast furnace 
cinder, which will be commercialized to a much greater 
extent, not only for cement, ballast, and road material, 
but also for making a good quality of building and paving 
brick, which has already been done very successfully. 

The location of a plant should be chosen, not only with 
reference to the market for its principal product, but with 
careful consideration of the outlet for its almost equally 
important by-products. 1 

In many instances so great has been the advancement 
in appliances for the economical handling of materials 
around blast furnace plants that it is questionable if this 
can be carried any further and show a profit on the 
investment. 

Blast furnace plants having a number of furnaces can 
effect economies by the concentration of their power 
plants to as great an extent as possible. 

Where boilers are used, large units should be installed, 
and in as few boiler-houses as possible. The same applies 
to both steam or gas blowing engines or turbo blowers, 
power-houses, pump-houses, ete. Wherever possible, all 
power and pump stations should be combined under one 
roof, to reduce the operating expense; the boiler-houses, 
as before stated, being preferably located in a separate 
building. 

In power stations the importance of combining the 
various thermal processes in series, and rejecting the 
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remaining heat at the lowest possible temperature, is 
fully realized. This is also true in the use of blast furnace 
gas for other purposes, such as in stoves, etc., all of which 
economies tend not only to lower the cost of production, 
but are also of great importance as an aid in the conserva- 
tion of our national resources. 

Regarding the fuel consumption of a blast furnace, 
when it has been reduced to approximately 2,000 pounds 
per ton of iron, I question under some conditions whether 
it is desirable to endeavor to bring it very much lower, as 
our greatest economies to be made in the future are from 
the economical use of the waste gases from blast furnaces, 
especially when connected with large steel works. 

We will secure these thermal economies by: 

(1) Increased. efficiency of hot-blast stoves. This may 
be obtained by reducing the present losses due to radia- 
tion; the use of larger checker surfaces exposed to the 
passage of gases; more efficient burning of gas in stoves, 
and by the utilization of the waste heat from stove stacks 
for either preheating the blast before its entry into the 
stove or preheating the air for mixing with the gas fo 
combustion. , 

. (2) Increased efficiency from blast furnace power 
plants by the use of gas engines or more modern steam 
equipment, and, when gas engines are used, increased 
efficiency will result from saving the heat of the waste 
gases and cooling water. 

(3) Increased efficiency thermally by utilizing the sen- 
sible heat at present lost in the molten iron and slag. This 
loss is quite serious, as may be noted by referring to the 
heat distribution account, page 38, where ‘‘Heat in Pig 
Iron’’ amounts to 5.39 per cent., and ‘‘Heat in Slag”’ 
amounts to 6.25 per cent. of the total heat derived from ~ 
the coke of the burden. 

These losses have already been studied, and efforts 
are constantly being made to decrease losses in these 
directions, much having already been done to effect sav- 
ings. The latest saving has been effected by utilizing the 
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heat from slag to indirectly generate steam for low- 
pressure turbines. Savings will eventually be made in 
the case of the molten iron. 

The maximum utilization of all the by-products in 
connection with the manufacture of iron is the goal 
towards which we all must strive for the future advance- 
ment of the art. 

In connection with this paper I wish to acknowledge 
my indebtedness to Paul D. Wright, Assistant to Superin- 
tendent of the Edgar Thomson Furnaces, and A. F. T. 
Wolff, Steam Expert of the Edgar Thomson Works, under 
whose direction tests were carried out; also to the 
chemists and members of our students’ course who 
assisted in obtaining the data. (Applause.) 


PRESIDENT Gary: We shall now have a discussion of 
this paper by Mr. Ambrose N. Diehl, Superintendent of 
the Duquesne Furnaces of the Carnegie Steel Company. 
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Discussion sy Amprose N. Dirrun 


Superintendent Blast Furnaces, Carnegie Steel Company, Duquesne, Pa. 


We have heard a very able paper on the probable 
trend of Blast Furnace improvements. Mr. Maccoun has 
taken us from the raw materials to the finished product. 
suggesting various improvements to be made in the pro- 


. gressive steps in the production of pig iron. I thoroughly 


agree with him in his outline for future furnace advance- 
ment, but desire to raise the question, are we not, after 
all, only arriving at the same Operating Practice which 
the then modern plants had about fifteen to eighteen years 
ago? 

The desire in the manufacture of pig iron is— 


First: To produce the quality best suited for fu- 
ture use. 

Second: To produce it as cheaply as possible. 

Third: To produce the greatest quantity possible 
while fulfilling the first two conditions. 


An average for three years shows on the best repre- 
sentative present furnace, with high heats, conditioned 
material, and modern equipment, a daily tonnage of 529 
tons, with a coke consumption of 1,925 pounds per ton. 
This furnace has a limestone consumption of between 800 
and 900 pounds per ton, and is producing iron running 
about .04 sulphur. In a few instances, under good condi- 


tions, cokes have been shown in individual cases between 


1,600 and 1,700 pounds per ton. The latter practice to 
which I referred is obtained through the use of coke run- 
ning about .5 sulphur and between 91 and 92 fixed carbon, 
together with a coarse washed ore and sinter. The re- 
quirements are about 600 to 700 pounds of limestone per 


ton of metal. An open burden such as this is capable of 


carrying extremely high heat and serves to illustrate 
possibilities with properly conditioned material. 
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Fifteen years ago there were few so-called modern 
plants with which the present practice could be compared. 
The Duquesne Furnaces of the Carnegie Steel Company 
might be termed pioneers in this development, and I wish 
to insert, for comparison, Chart A, showing the weekly 
practice of these furnaces for the years 1897-1898 and 
1899. Also Chart B, which shows a comparison of the 
Duquesne Basic Furnace No. 4 during the same period, 
with a furnace having the best practice shown over the 
years 1912, 1913 and 1914. It will be seen that, when due 
allowance in tonnage and coke is made for the 72° of 
additional hot blast that the practice is about the same. 
Table A shows average yearly practice. 

During the fore-mentioned three-year period, a com- 
parison of averages will show as follows: 


Coke. Analyses. 
Tonnage Lbs. Sil. Sul. Heat 
Three Duquesne Bessemer Fees, 502 1,979 ce ly .026 948° 
One - Basic “624 1,943 al 041 1,013° 
Compared Furnace. <°h..3..-.. 529.3 1,925 —_—_—=-— 1,085° 


Many hand-filled furnaces, with the same material as 
used at Duquesne, and during the same period, showed 
similar results as far as coke and analyses are concerned, 
but a lower tonnage, due to inadequate filling and power 
equipment. 

In the Pittsburgh and Valley districts the furnace 
practice was carried out by using Old Range Lake Supe- 
rior ores like Pioneer, Vermillion and Norrie, and also 
about 35% of high-grade Mesaba, 72-hour Connellsville 
Basin coke and a good grade of limestone. With the 
advent of higher percentages of physical fine Mesabas, 
economies in the manufacture of coke, and the entrance 
of other coal fields which lowered the efficiency, physical 
strength and structure of the coke, the practice changed. 
Furnaces became more irregular, and slips, with exces- 
sive losses and high coke consumption, resulted. Many 
variations in ash analyses resulted from the necessary 
consumption of the products from a greater number of 
small coke plants, each with its own local method of manu- 
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facture, and therefore a new practice had to be evolved to 
correspond with the other conditions which had arisen. 

Progress in economies and efficiencies of operation did 
not stop with ore and coke managements, but the germ 
seemed to enter the steel consumer as well. Specifica- 
tions, chemical and physical, became more rigid and all 
sorts of tests were advanced. The result was an extreme 
pressure on the blast furnace from two convergent sides, 
namely, to make better and more economical product with 
a worse material. This was met by furnace managers 
straining every effort to offset the new conditions by a 
careful diagnosis of the difficulties to be overcome. 

Fortunately the combustion of carbon to monoxide or 
dioxide remained the same as ever. Aiumina, acting 
either as a base or an acid, still performed its same old 
functions. Jron oxide was still reduced by CO or solid 
carbon. These fundamentals remained unchanged irre- 
spective of commercial relations. 


REGULARITY AND UNIFORMITY. 


It became evident that the principal problem was to 
secure regularity and uniformity. 

To attain this uniformity and regularity new plants 
have been erected, or old plants remodelled, in which are 
supposed to be embodied the good results of the older 
ones, and these alterations have resulted, in most cases, 
in a mechanical equipment which was far superior to the 
parent plants. These equipments, although very expen- 
sive, have become necessary for the regularity which has 
become so paramount. 

Uniformity of material entering the furnace is of first 
importance. By this is meant the proper distribution on 
the main bell and in the furnace, and also the relation of 
the stock to the air distribution at the tuyeres, and the 
gas offtakes on top. If the material is coarse it is evident 
that the gases will have a tendency to penetrate all parts 
of the mixture; while if it is fine and packs along the 
walls, this condition will be greatly hindered, and the 
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gases will come up through the center or through some 
other easy point of access. If the oxygen, burned to car- 
bon monoxide in the hearth, channels through the stock at 
any point, it is evident that an irregularity working fur- 
nace will result, and that the gases will pass through with 
a high velocity and escape with high-top temperature, 
naturally resulting in excessive fuel and losses. Fine ma- 
terial, which chokes up the interstices of the column of 
material, therefore, is the main element which interferes 


_ with the uniform distribution of blast and gas, causing 


scaffolding, channelling and the resulting evils attending 
these conditions. If the gas rises uniformly through the 


‘stock, over the entire area of the furnace, the velocity is 


decreased and the contact increased so that losses de- 
crease in the same proportion. The distribution of stock, 
therefore, should be such as to present an even resistance 
to the uprising gas. These conditions all lead back to the 
essentials of our practice fifteen years ago, that is, a firm, 
clean coke of good cell structure, and a coarse and 
granular mixture. 

Formerly a by-product coke was inferior to a coke 
produced in bee-hive ovens, but conditions have reversed 
since a lot of research work in the by-product field has 
shown that a modern blast furnace oven can by its con- 
struction and other facilities make a more uniform 
structure, uniform ash and uniform size, as well as a 
cleaner coke than the bee-hive construction. 

Mesaba ores are being graded and mixed in ten-car lots 
based on silica, phosphorus and manganese content, so 
that the regularity from an analyses standpoint is becom- 
ing more pronounced each year. In some cases the ore is 
washed, leaving a very,good product for blast furnace 
use. COlinkering of ore should open up an enormous field 
and make available many fine deposits which are causing 
a lot of our operating troubles at present and will cause 
more in the future if they are not prepared. The average 
sieve test of ore does not show its actual physical condi- 
tion. 
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Comparison oF Dry-StzrveD AND WET-SIEVED ORE. 


Attached is Table B and a number of graphic charts 
showing a comparison of ore dry-sieved through various 
mesh screens, as indicated in the report, with the same 
ore wet-sieved having all the fine particles which cling 
to the larger ones washed through to the classification 
sereen on which they belong. This gives one a more 
accurate idea of the actual percentage of fine material in 
the burden, and should be used instead of dry-screening 
for determining the physical condition of the ore. The 
range shown is from 7% to 19% additional fines Bos 
the 100-mesh screen. 


OrHER IMPROVEMENTS. 

Limestone is mined in some cases instead of quarried, 
screened and washed. It is evident that a good stone so 
prepared with the very fine material and clays removed 
would be superior to any conditioning which limestone 
has yet received for blast furnace practice. The stone is 
sorted at the quarries and mixed on silica analysis. This 
is a proper move in the right direction and will aid 
enormously in practice betterments. 

Flue dust is concentrated and briquetted for open 
hearth use or clinkered for blast furnaces. The product 
of these methods in many cases is in better physical shape 
than the original ore. Some plants are using successfully 
from 20 to 25 per cent. of this material in their charges, 
and doing greatly improved work, due to the tendency of 
opening the burden to allow easier passage of gases with 
their consequent greater efficiency of reduction. 

Stoves are enlarged from 150,000 sq. ft. of heating 
surface to 250,000 sq. ft. per furnace, using washed gas 
and small checkers to get this additional surface. Such 
stoves will show 1,300° straight line heat. 

It is seen that all this necessary development, with the 
addition of 200 to 300° of heat, is required to restore the 
operating practice to what it formerly was, as shown by 
the Duquesne statistics mentioned above. 
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If a burden is fine the furnace will not take high heat 
and the intensity of blast is therefore limited, while if the 
burden is coarse, and of open structure, it will take all 
the heat which can be possibly given with the resulting 
additional economies of at least 50 pounds of coke per 100° 
of temperature applied, up to a reasonable operating 
point. It has been the practice in some plants to run a 
very acid slag, which ofttimes allows the use of much 
higher heat without difficulty, with the same materials, 
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than a slag more basic. This, however, is considered by 
many plants, especially those where a rich and thoroughly 
reduced iron is essential, to be bad practice, as the iron 
is not so ‘‘rich’’ if the hearth temperature is indicated by 
the silicon content instead of by the temperature of a 
more infusible basic slag. ; 

Should the burden be coarse and open, a more basic 
slag can be carried, better iron produced, and the furnace 
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take higher blast temperatures without the danger of im- 
pairing the product. German practice with regard to 
high heats bears out this point for this very reason, and 
they have been able to develop more rapidly than we in 
this phase of the practice. This has been the basis of the 
wonderful strides they have lately made in practice, but 
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is not at all to our discredit, and make a comparison of 
American and German practices rather unfair. 

While the present actual Operating Practice is no bet- 
ter than that shown, yet the development and saving in 
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labor, and also that due to by-products, such as gas, slag 
and coal-tar products, has been of extreme importance. 
Wonderful steps have been made in these directions, 
many of which are merely in their infancy. But this is 
another subject altogether, and we may therefore say that, 
from an operative practice standpoint, our efforts during 
the past ten years have been spent in adapting ourselves 
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and plants to the use of material inferior to former mix- 
tures. We may add that through our efforts, the ways and 
means have been demonstrated, whereby the material with 
which we are working today can be made equal to that used 
formerly, and without question will be far more econom- 
ical in the end. This is illustrated by plants which have 
installed different equipment, working in the direction of 
coarse, clean, uniform mixtures, showing remarkable re- 
sults in every case. In many instances, the results are 


. decidedly apparent, especially when compared to their 


former practice in previous years. The Mesabas are with 
us and are going to stay. Our best known coke fields are 
being depleted, and if, as our present experience is show- 
ing and our past experience has shown, that certain con- 
ditions will give certain results, it is then only a matter 
of Engineering, Time, Finance and Policy as to the limit 
of our Operating Practice. (Applause.) 


Prestpent Gary: Is there any further discussion under 
the five minute rule? (After a pause) We shall now have 
a paper on Merchant Rolling Mills by Mr. Jerome R. 
George, Chief Engineer of the Morgan Construction Com- 
pany, Worcester, Massachusetts. 


MERCHANT ROLLING MILLS 


JEROME R. GEORGE 


Chief Engineer, Morgan Construction Company, Worcester, Mass. 


A well-known writer has recently stated that the 
rolling mill is the key to all industrial development— 
that it is, perhaps, the greatest mechanical factor in the 
civilization of the present day. 

The most important and the most interesting of all 
rolling mills is the so-called Merchant Mill. In fact, the 
history of all mills for rolling metal shapes, other than 
flats, commences with and is embraced in the subject of 
merchant mills. 

The first mill with grooved rolls, designed by Henry 
Cort in Fontley, England, was what we today would call 
a merchant mill. For some years after the invention of 
the Cort mill, there were no specialty mills, and all rolling 
mills ered a variety of sections and materials com- 
mensurate with the strength of the roll trains and the 
demands of the trade. 

Rails, wire rods, beams, hoops, skelp, and many other 
sections now produced on specialty mills, were first de- 
veloped and rolled on merchant mills, and as a rule the 
merchant mill is still turning out large quantities of all 
the above-mentioned shapes in addition to a multitude of 
other old and new forms. 


Wuat Is a Mercuant Mitzi? 


It is perhaps natural that a general purpose mill 
should be rather loosely named. The use of the word 
“merchant” undoubtedly was first applied to those mills 
which rolled certain simple sections for stock, and re- 
tailed them out later cut to length as ordered. The word 
is not entirely appropriate as applied to present-day mills 
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rolling a variety of sections and always to order. In this 
country, however, a merchant mill is any mill which pro- 
duces regularly more than one shape, and the word 
‘‘merchant’’ is so used by the writer. In England a 
merchant mill is known as a rod mill. In this country 
many merchant mills are called bar mills. 

The writer has in mind a plant in the Middle West 
where there are two rolling mills side by side. One mill 
has a 10-inch train of rolls, and the other a 14-inch train. 


-The former is called a merchant mill, and the latter a 


bar mill. At another works not far from the border of 
this State (N. Y.) there is a 10-inch mill which is known 
throughout the works and on the company books as 
‘<The Steel Mill.’’ 

All of these mills with different local names roll the 
same shapes, but different sizes and weights, depending 
upon the strength of the rolls. 


Lagce TonnaGE Rotitep on Mercuant MILLs. 


The present normal annual production of the principal 
rolled steel products in the United States is about as 
follows: 
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Thirty-two per cent. of all the steel rolled in the United 
States is the product of merchant mills, and this propor- 
tion would probably hold throughout the world. 

With wider and larger markets, many shapes now 
rolled on merchant mills will undoubtedly be produced 
on mills especially laid down for the purpose; but it is 
probable that the merchant mill will nevertheless retain 
its relative importance as a large producer and continue 
its important duty of working up business for special 
mills. 
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HWcoNoMIES THROUGH SPECIALIZATION. 


The United States for some years has held a leading 
position in the steel business, and in the writer’s opinion 
this has been due in large measure to the early 
recognition of the economic benefits of highly developed 
specialized rolling mills. If we are to have an open mar- 
ket and at the same time continue to pay higher wages 
than our competitors, we must pursue this policy even 
more vigorously in the future. This does not mean, how- 
ever, that we can afford to neglect the merchant mill in 
the slightest. degree, because, as stated above, it is the 
main root of the rolling mill business. 

The use of rounds chiefly for bolts and rivets has 
increased to such an extent that for some years past a 
number of rolling mills have been employed almost ex- 
clusively in the production of round sections. The writer 
suggests it would be proper and beneficial to give up the 
name ‘‘merchant’’ as applied to these mills and call them 
Round Mills. There is always a benefit in understanding 
and expressing clearly what we are really doing. 

Steel bars for reenforcing concrete, used extensively 
abroad for years and now increasing in use in this coun- 
try at the rate of about 16 per cent. per annum, constitute 
a rolled product not requiring the usual accuracy of sec- 
tion, and should be rolled at extremely low cost on special 
mills. 


The pressing demand for greater accuracy of section 
and temper makes it very desirable to segregate the dif- 
ferent classes of work in order, first, that this accurate 
rolling may be assured, and, second, that the general cost 
of rolling may be kept down. Just at the present time 
there is a marked increase in the demand of users of 
merchant bars for sections rolled more accurately to size, 
with better surfaces, and particularly in straighter 
lengths, and this improvement in quality and additional 
expense to the mill is not accompanied by any correspond- 
ing tendency to higher prices. . 
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—— = 


126 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


All the present mechanical means in sight for improv- 
ing the quality of merchant bars along the above lines 
involve the use of special auxiliary equipment, which, if 
installed, should be kept in constant use; and this is a 
further reason for classifying and segregating merchant 
mill work as fast as permissible. 

Ordinarily, when a special mill is laid down for the 
purpose of operating exclusively on a product previously 
rolled on a general merchant mill, the investment per ton 
of product is cut from 33% to 50 per cent., and the cost 
of labor is reduced from 50 to 65 per cent. Notable 
examples are to be found in comparatively recent installa- 
tions for rolling angles and skelp. 

Largely on account of favorable labor conditions in 
Europe, very few specialty mills have been laid down 
there, although Germany recently made a beginning along - 
this line by contracting for a few mills of American make. 
Extraordinary development in highly organized mills in 
Germany can be looked for upon the restoration of normai 
business conditions. 

The writer hopes he has been able to point out that, 
along the line of specialization, economies may be ac- 
complished that do not lie within the province of the roll- 
ing mill engineer. This is a question of general policy, to 
be determined by the management. 


OPERATING DIFFICULTIES. 


Another important point in the hands of the operating 
department is the systematic scheduling of rolling orders. 
Up to within a comparatively short time much of the dis- 
satisfaction incident to the merchant mill business re- 
sulted from a lack of understanding of the operating 
difficulties with which these mills have had to contend. 
The satisfaction of the operator and the customer ‘is 
dependent upon the infrequeney of roll changing, and 
the importance of this can hardly be exaggerated. A 
rolling cycle covering the full range of sections in three 
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or four weeks seems to give the best satisfaction all 
around. . 

An ordinary rail mill rolling rails from 25 pounds to 
100 pounds per yard, covers a range of weights of only 
1 to 4, whereas the most favored merchant mill covers a 
range of weights of 1 to 10, the ordinary mill a range of 
1 to 20, and many merchant mills a range of weights of 
1 to 60. If, in addition to meeting these extreme condi- 
tions, a roller is asked to roll rounds, squares, nut iron, 
ovals, flats, angles, rails, beams, channels and a multitude 
of other shapes, and change without notice from one sec- 
tion to another to suit the demands of the sales depart- 
ment and the customer, the result is sure to be dissatis- 
faction all along the line. 

For almost a century the merchant mill retained its 
original simplicity, and the minor changes and improve- 
ments adopted were confined almost wholly to the roll 
trains. Billets were charged, drawn and fed to the mill 
by hand. The finished product was rolled in short lengths 
so that it could be manipulated on the cooling floor by 
hand. 

In the past twenty years all this has changed, and the 
roll trains of modern mills are almost lost in the mass of 
mechanical equipment designed to convey the metal to 
and from the rolls. The cost of a modern notched cooling 
bed alone equals or exceeds the former cost of an entire 
mill, and the mechanical problems involved are extremely 
difficult. Fig. 1 is a photograph of one type of notched 
bed of moderate length with the roll train in the back- 
ground scarcely visible. 


Tur MecHaAnicaL Coouine Bep. 


The writer does not believe it proper at this writing 
to go extensively into the many intricate details of modern 
merchant mills, but brief reference to the mechanical bed 
should be of interest. The principal feature lies in the 
rack notch, which presents two surfaces at 90 degrees 
opposed to gravity. (See Fig. 2.) The beds consist of 
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live roll conveyors for receiving the stock as delivered 
from the mill at a speed in some cases up to about 25 feet 
per second, and with less than one second clearance be- 
tween bars; means for accurately stopping the stock with- 
out injury, and transferring it to the cooling racks; 
notched racks close enough together to support the light- 
est material rolled, and so designed that the stock is 
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automatically advanced across the bed; a receiving and 
assembling table at the end of the racks with means for 
transferring the assembled bars to the front shear table. 
All the various operations are performed by electric 
power. Notwithstanding the fact that these machines are 
constantly subjected to scale and varying degrees of heat, 
they have been developed to such a point of mechanical 
perfection that the cost of operation and maintenance is 
practically negligible. It will be of interest to learn that 
one double bed installed in a 10-inch merchant mill, and 
reduced to the smallest practicable number of parts, con- 
tained in all 96,225 pieces exclusive of the motor parts. 
Certain types of merchant mills producing a limited 
range of flats, large rounds, ete., do not have and do not 
require the notched type of bed; but practically all 
modern merchant mills are now equipped with some form 
of mechanical cooling bed. The large tonnage and 
superior quality of material, as well as the low cost of 
production which obtains in modern merchant mills, 
could not be approached, particularly in small mills. 
without the long mechanical bed with notched racks. 
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A most fascinating feature of these long beds, which 
are made at present in lengths up to 500 feet, is presented 
in the opportunity to observe the peculiar effect of molec- 
ular changes incident to the cooling of the hot bars. After 
the bars reach the bed they first contract, then expand ~ 
several inches, and then finally contract several feet. The 
movement of the ends of the long bars as they travel 
first in one direction, and then in another, is surprisingly 
rapid. 

Kconomizs THROUGH ImprRoveD MacHINERY. 


Although the modern merchant mill represents a large 
investment of capital, the cost per ton of product is no 
greater than the cost of the lowest type of hand mill laid 
down under equal conditions. The writer’s experience 
has been that all kinds of merchant mills cost from $5.00 
to $6.50 per ton of product per annum, this investment 
covering everything necessary to equip and start the mill 
excepting the land. 

Aside from some sacrifice in flexibility, the modern 
merchant mill is a great improvement over the mills in 
use twenty years ago. In the space of time mentioned, the 
tons produced per man has been increased 400 to 500 per 
cent., and all the work made infinitely easier and safer. 
The loss in crops and shorts has been reduced 75 per cent. 
The cost of heating has been reduced 50 per cent., and 
the total cost of putting billets into finished bars has been 
reduced on the average from 50 to 60 per cent. The 
above-mentioned economies have been accomplished in 
the face of new and more exacting requirements as to 
accuracy of gauge, straightness and temper. The ring 
and limit gauge and the autocratic inspector were little 
known in the merchant mills of twenty years ago. 

The United States can claim all the credit for the 
entire development of merchant mills during the last 
twenty or twenty-five years. Whether or not we can 
retain our leadership in this work will depend almost 
entirely upon the restoration of favorable business con- 
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ditions under which funds will again be available for 
expansion and development. 

DEVELOPMENT OF Mercuant MILLs. 


Concerning the technical development of the merchant 
mill, volumes could be written if one ventured into the 
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field of details. The writer will, however, endeavor to 
present in brief outline the most important steps relating 
to changes in arrangement of rolls and the introduction 
of important auxiliary equipment. 

For many years all merchant bars were rolled on the 
simplest possible form of mill, namely, the two-high train 
(Fig. 3). The bars were given a reduction by passing be- 
tween the rolls and returned over the top roll for the next 
succeeding pass. The length finished was usually about 
16 feet to 20 feet. Only the simplest forms of guides were 
used. Then, as now, the most common sections rolled 
were rounds, and these were made quite true and accurate 
by first rolling a round bar slightly above the desired area 
and then passing it through a final finishing groove sev- 
eral times, the roller holding the bar with tongs and 
turning it 45 degrees to 90 degrees between each pass 
until the desired roundness was obtained. 

The three-high train (Fig. 4) was designed to avoid 
the idle pass over the top roll, and soon replaced the two- 
high mills and brought about a considerable economy of 
labor. The number of stands of rolls was increased with 
the object of enlarging the size of billets and decreasing 
the number of passes per stand. 

Since the tonnage was still limited by the time re- 
quired to pass the bar several times through the single 
finishing groove, it was necessary to progress that some 
means be found to make a round in one pass in the finish- 
ing groove. It was finally discovered that if an oval sec- 
tion of certain proportions was held up by metal guides 
on the receiving side of the finishing rolls, good com- 
mercial rounds could be made in one pass. This really 
great discovery introduced the ‘‘Guide’’ mill of today. 
The finishing of long lengths commenced at this point of 
development. 

In order to get more tonnage on the smaller mills, it 
was necessary to run the rolls at a greater speed, and the 
speed was gradually increased up to the point where 
trouble was experienced in the roughing end of the train 
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because of the rolls not ‘‘taking”’ the billet. To overcome 
this trouble the first roughing roll was set up inde- 
pendent of the finishing train and run at a lower speed 
(Fig. 5). 

The next step forward in the production of light sec- 
tions came from a new method of working the bars in the 
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finishing train. The early method was to allow the bar 
to run out on the floor and pick up the last end and enter 
it into the next pass. It was found that a man could 
catch the first end in a pair of tongs and turn it back into 
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the next pass, forming a loop which overfed onto the 
floor. As it was easier to turn in the bar from one roll 
to another than into another pass in the same roll, the 
alternate two-high mill came into use at this stage. (See 
Fig. 6.) The alternate two-high mill later reached its 
greatest point of usefulness in the Garrett type of rod 
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mills. Overfeed in the loop was slightly reduced by step- 
ping up the roll diameters as the section was reduced. 

A condition was soon brought about where the pro- 
duction was again limited by the hand-fed roughing train. 
Up to this time no mechanical appliance of any nature 
excepting the hook and tongs had been employed about 
the roughing or finishing trains. About this time the steel 
business in this country experienced a severe and pro- . 
longed depression combined with labor troubles, and this 
led to the installation of a continuous roughing train in 
the hope of eliminating the troublesome and expensive 
crew of roughers on the hand mill. (See Fig. 7.) 

Notwithstanding prejudice and some bad details of 
construction, the continuous roughing train proved a com- 
mercial success for general merchant mill work. Con- 
tinuous roughing trains were soon added to many exist- 
ing merchant mills and to the Garrett wire rod mills. 

The usual number of men, known as roughers, em- 
ployed about a stand of hand roughing rolls amounted to 
twelve in twenty-four hours, and in 1900, working under 
140 card Amalgamated Scale, the men averaged to earn 
$3.60 for eight hours on the smallest tonnage mills. The 
Continuous Mill displaced nine of these men and in most 
cases increased the output of the mill 50 per cent. 

At about this period the Continuous Heating Furnace 
was improved at the delivery end by the gravity end dis- 
charge, and this type of furnace came into general and 
permanent use for all kinds of merchant work. 

The notched mechanical cooling bed of greatly in- 
creased length was introduced about the same time as 
the continuous roughing train, and the length of finished 
bars increased from three to four times. 

It was a simple matter to speed up a continuous rough- 
ing train to overfeed the finishing pass, and so the output 
of the mill was again limited at the finishing train. Some 
considerable improvement in tonnage and yield was in 
sight, providing bars could be finished in longer lengths 
and the cooling bed no longer presented any obstacles, 
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Untrorm Heat TREATMENT. 


The problem of further improvement, therefore, re- 
solved itself into a question of uniform heat treatment 
throughout the length of the finished bars. This was 
partially solved by an arrangement of rolls in the finish- 
‘ing train as shown in Fig. 8. The principal feature of this 
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arrangement is that the peripheral speed of each roll is 
enough less than the speed of the one following to hold 
back the metal so that much of it lies in the furnace 
instead of upon the mill floor. 

The problem was completely solved by the use of 30- 
foot small billets heated in a furnace placed close by and 
immediately in front of the first stand of rolls. With this 
arrangement of furnace and finishing rolls, the time of 
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exposure from furnace to finishing pass is substantially 
the same for both ends of the bar regardless of the length 
finished. The short distance between furnace and mill 
was made possible by the use of a flying shear. The novel 
arrangement of roll and pinion housings retained all the 
advantages of the alternate two-high construction and 
none of its inherent disadvantages. Mills of this type 
produce regularly 10,000 tons per month, and on a good 
day’s run will turn out 750 gross tons of 34-inch rounds. 

Another type of mill for heavier sections is shown ir 
Fig. 9. This mill is used for producing sections too stiff 
to be turned in by hand and is entirely automatic in 
operation. Note the entire absence of roller tables and 
mechanical transfers. The first successful employment of 
mechanical repeaters on both sides of a merchant mill 
train was made in a mill of this type. One of these mills 
produces more than 150,000 tons of bars per annum. 

For rolling heavier merchant sections there are 
several types of improved mills, notably the three-high 
mill with traveling roller tables, and the Slick cross- 
country mill with stationary roller tables. These mills 
permit of the maximum flexibility and produce large 
tonnages. The tendency of the times, however, is to re- 
vert to the two-high construction of the original Cort 
mill for all kinds of rolling, on account of its simplicity 
and great stiffness. 


Some Recent ImPRovEMENTS. 

From the beginning two fundamental difficulties have 
obtained in all general merchant mills, due to the wide 
range of sections required to be rolled on a given mill, 
and the problem for the future to solve is the elimination 
of these difficulties, which are as follows: 

1st. Lost time during roll changes. 

94. Extreme variation in output from light to heavy 
sections. 

Spare finishing trains seem to be the remedy for the 
first. Speed changes can be employed to only a limited 
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extent to correct the second trouble, and therefore it 
seems necessary to increase or decrease the number of 
strands rolled in inverse proportion to the weight of bar 
to be rolled. For 8-inch,; 9-inch and 10-inch mill work the 
arrangement of rolls shown in Figs. 10 and 11 seems to 
offer a simple solution of both of these difficulties. 

Improvement in mill construction, together with the 
perfection of the art of roll design and guide design, has 
made possible the production of sections of almost un- 
believable accuracy; but the insistent demand of many 
buyers of steel for extreme exactness of round sections 
has made it necessary to provide means for rolling hot 
rounds with almost the accuracy of cold-drawn bars. 

To meet this new requirement of the steel trade, a 
special mill has been evolved with which the general trade 
may not be familiar, although it has been in successful 
operation for some months. This new mill, curiously 
enough, works upon the same principle as employed in 
the original merchant mill for securing an accurate and 
true round, but, of course, without reverting to hand 
labor. Two pairs of rolls set at 90 degrees to each other 
are mounted so close together in a common housing that 
the leading pair performs the function of the man with 
the tongs on the old two-high hand mill. As in the old- 
time mill, a round bar slightly larger in area than the 
finished bar is first made in the regular way and then 
passed through this sizing mill, which is located between 
the regular finishing train and the cooling bed (Fig. 
12). The usual best rolling practice of plus or minus 
about 7/1000ths of an inch in diameter has by this 
machine been reduced 50 per cent. 


Presipent Gary: Is there any discussion under the 
five minute rule? (After a pause.) The Institute is now 
in recess until two o’clock. 
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NOON RECESS. 


During the noon recess the members of the Institute 
were the guests of the Institute at a buffet luncheon. 
During the noon recess, also, the Directors of the Institute 
held their regular monthly meeting. 

At two o’clock the Institute was again called to order, 
Judge Gary in the chair. 

Presipent Gary: The Institute will please be in order. 
We will now have a paper on the Commercial Production 
of Sound and Homogeneous Steel by Mr. Edward F.. Ken- 
ney, Metallurgical Engineer of the Cambria Steel Com- 


pany. 


THE COMMERCIAL PRODUCTION OF SOUND 
AND HOMOGENEOUS STEEL 


Epwarp F. Kenney 


Metallurgical Engineer, Cambria Steel Co., Johnstown, Pa. 


The ideal steel is that which contains no break in the 
continuity of the metal, and in addition contains the same 
proportions in all its parts of all constituents which 
affect its strength or ductility. The lack of continuity 
appears in general in three forms: 1, piping; 2, blow- 
holes, and 3, slag inclusions. The absence of the homo- 
geneity referred to is the result of a segregation, due to 
liquidation, of the elements other than iron which are 
present in steel either from design or as impurities. 

Of the first three objectionable features, the slag 
inclusions may be dismissed with the statement that they 
do not occur to any considerable extent in well-made 
steel, but the piping and blow-holes are necessary evils, 
and one or the other will normally be present in a mass 
of solidified steel for the reason that the steel when solid 
occupies a smaller volume than when it was molten. As 
a mass ‘of steel solidifies from the outside, this solidifica- 
tion of the outer steel approximately determines the 
shape and size of the mass. The molten interior continues 
to shrink as it cools, and unless the deficiency is taken up 
by bubbles of gas (blow-holes) forming in the interior, 
there will be a void due to the shrinkage. This shrinkage 
cavity is known as a pipe, and is distinguished from the 
other types of cavities referred to above as blow-holes. 

Blow-holes are bubbles of gas which were enmeshed 
in the solidifying metal, before they could release them- 
selves and rise to the top of the metal. The refining of 
steel as carried on in the Bessemer or open hearth 
processes is an oxidizing operation, and there is of 
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necessity a considerable amount of oxygen present in the 
bath of metal, mostly combined with iron. There is also 
present an appreciable amount of carbon, and a combina- 
tion of the two elements produces gaseous compounds. 
This reaction takes place in all steels which have not been 
thoroughly deoxidized, and therefore all such steels 
contain gas bubbles or blow-holes. 

Carbon monoxide and other gases are more or less 
soluble in steel; the degree of solubility generally increas- 
ing with the temperature, and therefore considerable 
quantities of gas are thrown out of solution as the steel 
cools. Gas bubbles form in such quantity in a lively steel 
that the steel appears to boil quite violently in the molds; 
much of the gas evolved escapes, but some of the bubbles 
are held by the solidifying metal. The effect of these gas 
bubbles on the steel is dependent on their location. If 
they are close to the surface they are likely to result in 
surface flaws in the steel. The blow-holes may so weaken 
the exterior of the ingot as to cause it to tear in the early 
passes of blooming, or by their being exposed due to 
oxidization of the thin skin of metal between them and the 
exterior of the ingot. When so exposed their surfaces are 


~ oxidized and they result in a large number of small seams 


unfitting the steel for many uses. ~ 

Some persons have considered as harmless the deeper- 
seated blow-holes, but those, too, while much less objec- 
tionable than peripheral Bow hples: often leave traces 
(after being welded up) in the shape of lower carbon 
areas which are weaker than the surrounding metal. 

In crystallization from most solutions there is a 
selective freezing of the various substances in the order 
of their temperatures of solidification, and steel follows 
the general rule. Of the elements ordinarily present in 
steel, the degree with which they segregate is dependent 
on the variation of their qualities from those of iron. 
For instance, manganese, which is very similar to iron in 
atomic weight and other characteristics, segregates only 
to a slight degree, while sulphur, phosphorus and carbon, 
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which differ widely in their nature from iron, segregate 
markedly. As the presence of some of these elements 
affects vitally the strength and ductility of the steel, the 
segregated portions are generally harder and less ductile 
than those not segregated, and this difference in physical 
qualities prevents the best results in resisting stresses 
produced in the steel in service. If we subject to simple 
tensile stress a bar of steel which is highly segregated, 
the difference in behavior of the hard center, rich in the 
metalloids as compared with the purer outside, is so 
marked that the ductility of the center will be exhausted, 
and failure will take place quite appreciably before 
similar failure takes place on the exterior. This effect 
is clearly shown in the accompanying photograph of a 
section of steel rod which has been cold drawn. The 
center is highly segregated, as shown by the etching, and 


corroborated by analysis. In the severe distortion pro- 
duced by drawing, its ductility has been exhausted, and 
internal fractures have occurred, although the exterior is 
apparently capable of yet greater elongation. It is quite 
evident that material so constituted is not fit for use in 
any important engineering structure, as the ordinary 
assumption that the stresses would be distributed and 
resisted uniformly by the entire section would not be 
true. On the contrary, the yielding of the more ductile 
portion concentrates the stresses on the less ductile 
with the results shown in the illustration. 

A somewhat different development from the same 
cause is shown in the type of rail failure known commonly 
as “‘split head.’’ In this case the exterior metal at the 
top of the head is distorted by the intense pressure on the 
area of contact with the wheel. This distortion results 
in lateral flow, but when the rail is ‘Begregated the hard 
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interior metal does not possess sufficient ductility to 
permit its following the flow of the exterior, and an 
interior longitudinal fissure of progressive type results. 
This extends vertically through the head and longitudin- 
ally along the rail, and ultimately results in one side of 
the rail head breaking off, unless the failure is detected 
and the rail removed from service. This type of failure 
is found almost exclusively in segregated steel. 

The growing use of heat treatment of steels for forg- 
ings is giving an added impetus to the movement toward 
securing uniformity in steels. The rapid cooling of the 
steel in quenching induces severe stresses. If these 
stresses are uniform and the resistance of the steel is 
uniform, the quenching can be done without damage to 
the steel; but if the hardeners which are affected by 
quenching are not uniformly distributed—if one part of 
the member being quenched has the hardeners in greater 
quantity in one portion, that portion will be subjected to 
greater stresses when quenched. These cooling stresses 
are frequently sufficient to crack steel which is segregated. 

Steel which is required to be heat treated is generally 
treated only after a considerable amount has been ex- 
pended on it in forging, and a failure after this expendi- 
ture is so costly that it will unquestionably pay to puta 
little more expense into the making of the steel, than to 
risk rejection of the more expensive forging, either from 
cracking in the quenching or from not meeting the 
required tests. 

The general characteristics of segregation are fairly 
well known, though some of the causes are not so clearly 
understood, but the following statements will probably 
not be disputed : 

1—-Segregation is greatest in the portion of the ingot 
which freezes last. 

2 Tt is most marked in elements whose characteristics 
differ most widely from those of iron. 

3 Tt is increased in steel which is lively, and de- 
creased in steel which lies dead. 
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4—It is greater in steel teemed at high temperatures 
than in steel teemed at more moderate heats. 

1—The widely prevalent knowledge of the first of 
these statements has resulted in the application of crop- 
ping as the remedy, and there is little doubt that if we 
could be certain of knowing that there was steady ~ 
progressive freezing by which the segregated metal, 
squeezed out of all other portions of the ingot by the 
solidification of the purer metal, was brought to some 
certain part of the ingot, we could get rid of the segrega- 
tion in this way. Unfortunately, the type of ingot mostly 
used is so shaped that it is by no means certain that all 
the segregation occurs at the top of the ingot. This is 
illustrated on Plates 1, 2, and 3. The two ingots and two 
blooms were from the same heat of steel. The chemical 
survey of these shows quite clearly that in the process of 
freezing, bridges have formed in the ingots somewhat 
above the center and divided-the molten metal into two 
pools, each freezing independently of -the other. In 
addition to the principal center of segregation and 
shrinkage near the top, there has been a secondary one 
about halfway down the ingot. The higher content of 
the metalloids at the bottom of the second bloom and 
top of the third, rolled from ingot No. 3, establishes this 
fact, and in the case of the blooms from ingot No. 4, a 
clearly defined shrinkage cavity was found in connection 
with the segregation. Instances of this kind are only too 
common in the ordinary type of ingots. If we wish to be 
certain that the segregation is at the top we must use 
ingots of the inverted type, or in some other way insure 
the progressive freezing from the bottom upwards, with- 
out the possibility of bridging. This is somewhat affected 
by the design of the ingot mold and stool—the amount of 
cool metal available to absorb heat affecting the rapidity 
of the freezing at any point. It has been common prac- 
tice for years to vary the thickness of the walls of the 
ingot mold, making them heavier at the bottom than at 
the top, so as to ¢onduct the heat more rapidly from the 
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bottom of the ingot. In the writer’s judgment this means 
is not as efficient as is sometimes expected, because the 
shrinkage of the cooling ingot and the expansion of the 


mold, due to its being heated by the ingot, soon produces — 


a space between ingot and mold. This space is filled: with 
air which is a poor conductor. 

2—The elements ordinarily present in plain carbon 
steels which are generally considered as of most im- 
portance are carbon, phosphorus, sulphur and manganese. 
The degree in which they segregate is expressed by the 
order of sulphur, phosphorus, carbon and manganese, the 
latter showing very sight tendency. Considerable varia- 
tions in the manganese content are sometimes encoun- 
tered, but they do not follow the segregation of the other 
elements, and are generally not due to liquidation, but to 
irregular melting of the ferromanganese, and conse- 
quently imperfect mixing. The other three elements 
show marked effect of selective freezing in the steel, and 
seem to follow the same general lines; where an excess of 
one is present in any locality in an ingot, the others are 
probably segregated at that same point. 

3—Wild or lively steel is steel in which there is 
marked ebullition due to evolution of gas. These gas 
bubbles, as stated previously, are largely the product of 
a reaction between oxides and carbon contained in the 
steel. In addition to these there are others which are the 
result of the throwing out of solution of gas which has 
been held in the steel and which is thrown off as the steel 
cools. Because of the great disparity of the density of 
molten steel and the gases, the bubbles strive to rise to 
the top. The great number of bubbles rising produce 
active currents in the molten ingot, and these currents 
carry up with them the more fluid segregate which is left 
as the purer metal crystallizes out in the freezing. This 
segregated material having a low specific gravity, remains 
at the upper portion of the ingot after being collected by 
the currents and carried there. Aside from the effect of 
the currents referred to, there is considerable tendency 
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of the metal rich in impurities, to rise to the top due to 
this lower specific gravity. Killed steels contain only 
small quantities of gas; there are consequently no very 
active currents in the cooling metal, and therefore it 
solidifies more quickly and is much more uniform. 

4—As the capacity for holding gases in solution is 
greater at high temperatures than low, it follows that 
steel cast at relatively low temperatures will, other things 
being equal, carry less gas into the ingot molds than if 
the same steel were cast at higher temperature. As less 


" gas is contained, less will be thrown out of solution, there 


will be fewer blow-holes, less active currents and conse- 
quently less segregation. In addition to this, the lower 
casting temperature reduces the time occupied in cooling 
the steel to its freezing point, and this reduction of the 
time of freezing reduces the tendency toward selective 
freezing of the various constituents. 


PREVENTION OF SEGREGATION. 


The minimizing of the tendency toward segregation 
can be effected in two ways—thermally and chemically, 
the latter being much more effective than the former, but 
the combination of the two producing the best results. 
The thermal remedy is teeming the steel at a temperature 
just high enough to insure clean pouring and avoiding 
excessive skull in ladle, and danger of freezing up the 
nozzle. This lessens the range of temperature through 
which the steel must cool before solidifying, and also 
lessens the differential of temperature between the 
various parts of the ingot in cooling. The further thermal 
remedy of rapid cooling of the ingots involves other 
considerations which would be uneconomical in com- 
mercial practice, so that we will not consider them. 

The chemical remedy is simply deoxidation ; removing 
the principal source of the production of gas bubbles. If 
there is no oxygen in the steel to combine with the carbon, 
carbon monoxide, which plays the principal part in the 
formation of blow-holes, will not be formed. 
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Any substance having a strong affinity for oxygen at 
_ high temperatures, and whose oxide is not gaseous, could 
be used, but that which produces an oxide capable of 
being slagged off and separated by gravitation would be 
preferred. The elements generally used for this purpose 
are silicon, aluminum and titanium. 

The action of a deoxidizer in ingots of ordinary rising 
steel is shown by a study of the photographs of the two 
split ingots from a low carbon Bessemer heat which are 
shown on Plates IV and V. Both of the ingots are from 
the same heat and differ in treatment only in the amount 
of ferrosilicon which was added in the mold, and the 
part of the ingot to which it was added. The steel boiled 
in the mold, and when ingot No. 3 was about half teemed 
there was a marked evolution of gas which caused it to 
rise rapidly. This rising took place to such an extent 
that when about three-fourths of the ingot had been 
teemed the steel had frothed up nearly to the top. The 
addition of a very small amount of 50 per cent. ferro- 
silicon which had been finely ground, caused the steel to 
subside rapidly, leaving only a thin shell on the outer 
walls, which showed the height to which the steel had 
risen. The effect of this small addition extended a little 
more than half way down the ingot, the portion not 
affected being plainly marked by a zone of peripheral 
blow-holes fairly close to surface. The upper portion 
which solidified simultaneously with the zone containing 
the peripheral blow-holes is quite solid. Under normal 
conditions blow-holes will occur in the upper portion of 
the ingot to a greater degree than the lower, due to the 
greater ferrostatic pressure in the lower part of the 
ingot discouraging the evolution of gas, just as the 
carbonic acid in a bottle of soda water, which is held in 
solution when under pressure, but is given off when the 
pressure is reduced. The prevention of peripheral blow- 
holes in the upper portion by the action of the ferro- 
silicon is therefore the more marked because the natural 
tendency is exactly reversed. Deeper in from the surface 
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of this ingot there is a line of blow-holes which are caused 
by the evolution of gas from the steel later on in the cool- 
ing history of the ingot, after the effect of the small 
amount of ferrosilicon has been dissipated, and in this 
line of blow-holes the normal tendency of the gas bubbles 
to become smaller and less numerous as the ferrostatic 
pressure increases is clearly shown. In this ingot there 
is no sign of a shrinkage cavity or pipe. 

In ingot No. 2 four pounds of ground ferrosilicon were 
added gradually as the teeming proceeded. This was 
sufficient to almost entirely prevent the evolution of gas, 
as no blow-holes are present, except in the extreme top 
of the ingot where the pressure was so low that the small 
amount of gas in solution was sufficient to overcome it and 
permit the bubbles to form. The absence of the gas 
bubbles has caused such a shrinkage in the space occupied 
by the interior metal that we have very strongly marked 
piping extending as is sometimes the case in ‘‘killed’’ 
soft steel, nearly the entire length of the ingot. This ten- 
dency may be due to the soft steel, because of its higher 
melting point, becoming pasty at a much higher tempera- 
ture than steels of higher carbon, and the increased 
shrinkage through the greater temperature range tearing 
apart the pasty steel in the axis of the ingot, which at 
that temperature has very low tensile strength. 

To show the extent of the segregation of the impuri- 
ties in these two ingots the distribution of the phosphorus 
has been plotted. In ingot No. 3 the peripheral blow-holes 
around the lower half have retarded the cooling of that . 
portion, so that a pool of molten metal has existed after 
the central part above the protecting blow-holes has 
frozen. This is indicated by the local segregation in the 
lower part of the ingot where the degree of enrichment is 
nearly as great as in the larger segregated area at the 
normal location in the upper part of the ingot. It is also 
noteworthy that there is a decided difference in the 
degree of the enrichment of the two sides of the ingot, 
the portion extending along the line of interior blow- 
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holes on the right-hand side of the illustration being much 
more highly segregated than the corresponding location 
on the left side. The protuberance on top of the ingot 


_ immediately over this line of blow-holes points the reason 


for the peculiarity. This protuberance is the growth 
caused by the metal brought up by the current of gas 
bubbles and shows that the principal ascending current 
of gas bubbles was located at this point. 

The phosphorus chart of the second ingot indicates 


, that there was very little segregation except at the base 


of the pipe cavity, where it is strongly marked. This 
ingot lay very quiet in the mold, and there were no con- 
siderable amounts of gas evolved. It is probable that 
the local enrichment was principally due to the low 
specific gravity of the segregate (which is squeezed out 
by the growth of crystals of purer metal further down - 
the ingot) causing it to rise. 

The enriched portion in this ingot is well localized, 
being confined almost entirely in the small pool of metal 
around the bottom of the main pipe cavity. 

The addition of deoxidizers to the steel in the mold, | 
as carried out in these experiments, is not recommended 
practice, but is used only as a convenient illustration of 
the action of such deoxidation. 

It is preferable to have all reactions completed before 
the steel is teemed. As far as possible, deoxidation should 
be carried out in the furnace. It is not always practicable 
to complete it at this point, and further deoxidation in 
the ladle is not objectionable, but the least desirable 
point in the practice of making and pouring steel, to add 
such deoxidizers, is in the ingot molds, as the non- 
metallic products of the reaction do not have the same 
opportunity to separate from the metal as in the furnace ~ 


or the ladle. 
PIPING. | 


Care in making and pouring the steel and thorough 
deoxidation can be depended on to minimize segregation 
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to such a degree as to remove all apprehension as to any 
serious detriment due to it, but in carrying out these 
remedies in connection with the ordinary practice, we 
have introduced an element which is just as objectionable. 
This is the internal shrinkage cavity or ‘‘pipe.’’ This 
much misused word properly applies to the cavity left in 
the interior of a casting or ingot by reason of the cold 
metal occupying less space than the same amount of 
metal while hot, and the shape and size of the cavity will 
be dependent on the shape of the ingot, the temperature 
and speed of casting and the relative speed of cooling of 
the various parts. While various types of special ingots 
are used for special work, there seems to be one general 
type which is in almost universal use in the large steel 
plants. Probably 98 per cent. of the steel made in the 
United States today is cast into ingots of one general 
shape. These ingots have a taper of about 14” to %” 
per foot of length, the top being materially smaller in 
section than the base. The ingot mold walls are made 

heavy to quickly absorb the heat from the ingot and cause 
' it to freeze rapidly, and the solidification proceeds with 
fair uniformity over the part of the exterior of the ingot 
which is in contact with the heavy metal walls. If the 
cooling were absolutely uniform, the last metal to freeze 
would be toward the bottom where the ingot has the 
maximum section, but the lesser density of the hotter 
metal causes it to rise and thus interferes with the abso- 
lutely uniform freezing of the exterior walls of the ingot, 
so that ordinarily the last portion to freeze is toward the 
upper end. This cooling of the upper portion last, how- 
ever, is in spite of the taper of the ingot, and too fre- 
quently the effect of the taper and the tendency of the 
hottest metal to seek the top of the freezing ingot inter- 
fere with one another to such an extent that the freezing 
metal bridges from one side to the other, and prevents 
the lighter portions of the molten metal from rising to 
the top. A pool of molten metal below such a bridge acts 
as a center of shrinkage and segregation. As it cools and 
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solidifies, it shrinks and, its volume being less, a shrinkage 
cavity results. The bridge very effectually prevents the 
void being filled by liquid metal from above, and we have 
a pipe existing at a point where no well behaved pipe 
should be, so far down the ingot that ordinary discard 
would not remove it. This has already been referred to 
in connection with ingot No. 4 on Plate III. The pipe is 
about 50 per cent. from the top of the ingot, and analyses 
show that there is marked segregation of impurities in 


. the neighborhood. Both of these features are due to the 


bridging of the metal above and the formation of a 
separate pool during the freezing of the ingot. 

Unfortunately, this is not an infrequent occurrence; 
the tendency is always present in an ingot which tapers 
toward the top, and even where actual piping does not. 
develop there is frequently present a loose spongy struc- 
ture which, in the opinion of the writer, is responsible for 
many of the unexplained failures of steel in service. 

Even where bridging has not developed sufficiently to 
break the interior of the ingot into separate pools, the 
tendency of the upward tapering ingot to pipe deeply is 
so marked that any effort on the part of the steel maker 
to thoroughly deoxidize his heats results in such deep pip- 
ing, and therefore necessity for so much top crop, that 
the practice is regarded as not being commercial. This 
effect of the taper of the ingot on the depth of the pipe is 
very clearly seen by comparing ingots No. 2 and No. 4 on 
Plate VI. Both of these ingots were cast from the same 
heat, which was of strongly piping character, and were 
subjected to identical conditions so that the only variable 
is the shape of the ingot. The taper is the same in both, 
but in one case the top is small, and in the other the top 
is larger. In the first case the pipe cavity extends 28.6 
per cent. from the top, and in the other 58.4 per cent. In 
the one case 71.4 of the ingot is available for product, 
while in the other little more than half of that amount 
or 41.6 per cent. is product. 

The inverted ingot is highly efficient in preventing the 
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occurrence of irregularly located pipes and segregated 
areas. In that type of ingot, the solidification is always 
progressive from the bottom upwards; the last metal to 
freeze is always at the upper portion of the ingot, and 
bridging is practically eliminated. Consequently, when 
we crop off all the piped portion from the top we can 
feel assured that we have left only solid steel. Such 
assurance we never have or can have with the upward 
tapering ingot. The difficulty with the large topped ingot 
is that its greater top section means a greater amount of 
metal discarded for each inch of depth to which the pipe 
extends, and yet such greater section is what has insured 
us the progressive upward solidification which is so 
essential. 

To avoid this heavy discard there must be provided 
some method of keeping a small body of metal at the top 
of the ingot fluid until all the lower portion has solidified. 
For this purpose many expedients have been suggested, 
which are of two general classes: 

1—Means for adding heat. 

2—Means for conserving the heat already in the 
molten steel. ; 

Under the first head the following methods have been 
used : 

a—Application of electrically generated heat to the 
top of the ingot. 

b—Application of heat from gas or oil burners to top 
of ingot. 

c—Addition of carbonaceous material, such as coke, 
charcoal, etc., to top of ingot. This fuel is ignited by the 
heat of the metal. In some cases a blast of air is used 
to assist in the combustion of the fuel. 

The second means comprises the use of tops made of 
heat insulating material placed on the ingot molds and 
filled with the molten metal. Because of the non-conduct- 
ing character of the top, the metal enclosed is kept fluid 
longer than that in the body of the ingot. 

It is quite evident that the efficiency of the non-con- 
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ducting top will determine whether or not external heat 
is necessary. If a top can be obtained which will keep 
metal molten within it, until all the ingot below the sink- 
head has congealed, there is evidently no necessity of 
applying heat. The material which has been most com- 
monly used in the making of non-conducting ingot mold 
tops is fire-brick. Because of the comparative fragility 
and the conductivity of this material, these sink-head 
bricks have been made heavy. Bricks made with an ad- 
mixture of sawdust or similar material which would be 
destroyed in the burning, leaving voids scattered through 
the mass to reduce conductivity, would probably be more 
efficient, but the reduced strength of the resulting brick 
would probably necessitate making the bricks even 
heavier than those ordinarily used. Tops of thin metal 
have been tried, but the heat loss is so great that no 


_ appreciable effect is produced. The writer has used a_ 


top composed of a metal casing inclosing a thin lining of 
dried loam. The loam is rammed into position while 
moist, is easily and quickly dried, the elimination of the 
moisture leaving the loam in a very porous condition. 
The conductivity of this dried loam is so slight that the 
bare hand can be held on the exterior of a 214” casing on 
an ingot, while a 5” fire-clay brick is so hot that it will 
burn the hand. The comparative effect of brick and loam 
tops is shown by comparing ingots No. 1 and No. 3 on 
Plate VI. The thickness of the frozen metal in contact 
with the non-conducting material is much greater in No. 1 
than in No. 3. In the latter there is only a thin shell of 
metal which has formed, the remainder of the metal in 
the sink-head remaining liquid and feeding into the ingot 
as shrinkage proceeded. In ingot No. 1 the more rapid 
conduction of heat through the brick has resulted in a 
fairly heavy wall forming in contact with the fire-brick, 
and this metal is entirely unavailable for feeding the 
shrinkage cavity forming in the ingot. In ingot No. 3 
the pipe cavity has been entirely contained in the sink- 
head portion instead of extending down into the ingot, 
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as has been the case with the brick top. The difference 
in the conservation of the heat was such that a much 
larger volume of metal in the brick sink-head would be 
necessary to insure all of the body of the ingot being free 
from pipe. 

With the very efficient heat insulation obtained with 
dry loam, it has been found unnecessary to apply heat 
to keep the metal in the sink-head molten. 

Some of these various means of keeping ingot tops 
molten have been in restricted use for many years, but 
in their use the ingots have been allowed to become cold. 
For special purposes where the product carried a high 
price, the heavy cost due to allowing the ingot to become 
cold, then cutting off the sink-head and reheating the cold 
ingot before working it into product could be absorbed, 
but such practice was out of the question for any except 
high-priced steel. The actual cost of doing the work and 
the cost of fuel were only a part of the penalty, as the 
reheating of ingots of high-carbon steels involves a con- 
siderable risk unless care is taken to apply the heat 
gradually. 

The writer has been experimenting for some years in 
the effort to develop some practical means of applying 
the benefits of the sink-head to the ordinary methods of 
steel-making in commercial use. The principal essentials 
seem to be: 

1—That the ingot be carried through the heating and 
rolling operations without the necessity of becoming 
cold. 

2—That sink-heads be of such type that ingots of 
varying weights can be cast from the same ingot molds. 

1—To get the solidity desired it is not necessary that 
the ingots become cold. There is little to be gained by 
carrying the temperature of the ingot through the range 
between the solidification point and atmospheric tempera- 
tures, and there are very decided objections to it, chiefly 
the loss of heat, and cost of replenishing it, and the risk 
of damage to the ingot in reheating. Any betterment in 
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quality obtained in allowing steel to become cold and 
then reheating through the critical range is much more 
econumically and safely accomplished after the steel is 
in the form of a bloom. 

The function of the sink-head being the preservation 
of a reservoir of molten metal on top of the ingot until 
all the body of the ingot has solidified, it follows that the 
non-conducting jacket should be kept on the top of the 
ingot when it is charged hot into the pits. The tempera- 
ture of the soaking pits is lower than the freezing point 
of the steel, and there would consequently be a loss of 
heat from the sink-head even in the pits if there were no 
protecting jacket. The loss would be much less rapid 
than in an atmosphere at lower temperature, but the 
very fact that the ingots solidify throughout while in 
the pits shows that there is a considerable loss of heat 
from the molten metal. The proper thermal treatment of 
high carbon heats involves the use of comparatively cool 
soaking pits when the ingots are charged. It would be 
quite possible for the small mass of molten metal com- 
prising the sink-head, if unprotected, to lose heat to such 
an extent that it would solidify before the greater volume 
of the ingot. The value of the sink-head in this event is 
gone, as on the further contraction of the liquid metal in 
the ingot there could be no feeding from the sink-head 
which had solidified. 

Any large masses of slag-making material are objec- 
tionable in the furnaces because of the extra labor 
involved in keeping the pits clean, and therefore sink- 
heads of ordinary fire-brick are not as available for use 
with ingots which are to be handled hot as for ingots 
which are allowed to become cold. It is true that the 
ordinary brick tops can be broken off before the ingots 
are charged, but this involves an additional operation ; 
is objectionable on account of the dirt produced, and, in 
addition, leaves the sink-heads without protection in the 
pits. Moreover, it must not be done until immediately 
before the ingot is charged, as the sink-head cools very 
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rapidly in the air as soon as the covering is removed. If 
for any unforeseen reason the charging is delayed after 
such removal, the value of the sink-head is destroyed, and 
the ingot will be piped. 

This loam used by the writer does not have to be 
removed from the ingot before the latter is charged into 
the pit furnaces, but can be allowed to remain on until 
the ingot is bloomed, being so plastic that it does not 
affect the rolling. The practice used in connection with 
these sink-heads is as follows: A wooden form of the 
dimensions of the sink-head extension desired is placed 
inside the metal sink-head casing, leaving a space 214” 
wide between the form and the casting. This space is 
filled with moist loam well rammed. The loam and cas- 
ing are then dried, the drying requiring about two or 
three hours in a pit oven. A number of wooden pegs 
around the bottom of the casing prevent the loam lining 
from slipping from the casing, while the whole is being 
handled and set on the ingot molds, and the steel is poured 
in the usual manner. When the metal reaches the sink- 
head, the wooden pegs are burned off, releasing the iron 
casing, so that it can be removed, leaving the loam lining 
attached to and protecting the sink-head against heat loss. 
The iron castings do not leave the open hearth, being 
promptly removed and rerammed with fresh loam. The 
loam lining remains on the ingot until it is rolled, which 
insures against trouble which would result from delays in 
charging after the protective covering was removed, or 
the necessity of banking steel, or any of the many possi- 
bilities of commercial steel works’ practice, which inter- 
fere with the regular routine. In practice, this type of 
sink-head, besides being more efficient thermally, has been 
found much cheaper than the regulation brick, and, as 
stated above, has possibilities which make it much more 
applicable to ordinary steel works’ practice. 

In addition to the quality betterments which are pos- 
sible by the use of inverted ingots with. sink-heads, there 
is possible a very great economy because of the much 
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smaller percentage of metal which has to be cropped from 
the top, as compared with the cropping which is necessary 
with the ordinary ingot. This is shown in Plate VI. Here 
are the photographs of four ingots, all poured from the 
same heat of steel under identical conditions. All were 
allowed to become cold, and were then slotted about one- 
third of the way through from either side and broken 
with wedges. 4 is an ingot of the ordinary shape; 2, an 
inverted ingot; 1, a similar inverted ingot which was 
equipped with an ordinary fire-clay sink-head, and 3, a 
similar ing‘ot equipped with the special sink-head consist- 
ing of an iron shell with dried loam lining. The brick 
sink-head has not been as large or efficient as desirable, 
but even it shows marked improvement in the resulting 
percentage of yield over the plain inverted ingot, and 
gives several times the yield obtained on the plain ingot. 
(The steel used in these ingots was thoroughly deoxidized 
steel, and it approaches the conditions shown as it cools.) 

2—The value of the sink-head in getting a large per- 
centage of solid steel from the ingot will be materially 
reduced unless we can regulate the size of the ingot to 
produce the amount of metal needed. In ordinary prac- 
tice today this is easily accomplished by pouring the steel 
to any desired height in the molds. For instance, in most 
works producing rails, a single size of ingot mold is 


used, and ingots to economically produce any weight of 


rails are cast in the same mold. For 90-pound rails only 
about nine-tenths of the amount of metal is poured into 
a mold which would be poured if the same number of 100- 
pound rails were required. Similarly in other products, 
the weight of the ingot is varied to give the amount of 
steel required for a given product. Practically all sink- 
heads used in the past have been so designed that they 
were set at the top of the ingot mold, and no variation in 
the weight of the ingot was possible with a given mold. 
This feature would necessitate an extraordinarily large 
equipment of molds of various sizes, or else result in the 
scrapping of considerable quantities of steel. Both of 
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the difficulties will be avoided by the use of a sink-head 
which can be set at any desirable height in the ingot mold 
in accordance with the amount of metal required in the 
ingot for the particular purpose in view. 

This adjustable feature has been tried out in connec- 
tion with the dried loam sink-heads, and is quite prac- 
ticable. Several thousand tons of rail ingots have been 
cast with sink-heads which embodied this feature, the 
ingots being cast 7 inches shorter than the molds, thereby 
making a very considerable saving in the scrap loss. 

It is practicable to provide for the conservation of the 
greater part of the original heat and the adjustability of 
the size of the ingots in connection with inverted ingots 
equipped with sink-heads, and there seems to be no reason 
why practically all of the piping steels could not be cast 
in ingots of this type without incurring excessive costs. 
For some years the writer has believed that this was pos- 
sible, and his studies have been directed to that end. 


g-inch __ 


Drillings 


An example of the possibilities in the making of 
uniform steel in a commercial way is available in the 
recent rollings of rails for the Pennsylvania Railroad. 
In 1914 the Pennsylvania issued specifications for steel 
rails which contained features radically different from 
any previously published. The most noteworthy of these 
was a series of tests to determine the degree of segrega- 
tion as exemplified by carbon. The specifications re- 
quired drillings for analysis to be taken from two points ; 
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one representing the outside of the head, and the other 
the junction of the web and head, of a section of rail 
eut near the top end of the top rail. The content of car- 
bon, phosphorus, silicon and manganese found at the first 
named point, marked O on the diagram, was required to 
be entirely within the limits specified, and failure to meet 
this requirement in regard to any one of the elements 
named rejected the entire heat. If the analysis of the 
drillings taken from A was found to meet the require- 
ments, drillings from the point marked M on the diagram 
“were analyzed for carbon, and if the carbon content found 
varied by more than 12 per cent. from that found at O, 
all the top rails from that heat were rejected. Similar 
analyses were made of drillings from the point M on a 
section cut from the B rail to determine the acceptance 
or rejection of all rails, and in the event of the rejection 
of all the B rails, similar tests were made from sections 
representing the C rails. The failure of the C rail sample 
rejected the entire heat. 

The point O was supposed to be fairly representative 
of the average of the heat, and the point M, while not 
being the center of the section nor the point of maximum 
segregation, was sufficiently near the segregation center 
to indicate the presence of any strongly marked irregu- 
larity in carbon content due to liquation. 

The degree of segregation permitted was rather small. 
The carbon limits prescribed by the specification being 
60 per cent. to 75 per cent., the variation permitted 
amounted to .072 per cent. at the low limit and .090 per 
cent. at the high. In good routine work, determination 
by combustion made by two different chemists may vary 
02 per cent. Closer work is possible where repeated 
- checks may be run, but this is not practicable where the 
results must be reported promptly. In a rail mill it is 
not practicable to hold the rails pending extensive check- 
ing, because the mill would be blocked. This variation of 
.02 per cent. when considered as being possible in either 
direction, and at either end of the chemical limits, meant 


172 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


that under a possible combination of conditions there 
might be available for actual segregation only .032 per 
cent at low limit and .050 per cent. at the high. The 
specifications were afterward amended to allow a toler- 
ance of .02 per cent. to cover this possibility of variation 
in chemists’ work in the event of one chemist obtaining 
results within the limits and the other outside. ~ 

These limits were very close, and rails which would 
meet such conditions would undoubtedly be very different 
from a large portion of the rails accepted under the 
specifications in’ common use. To meet the prescribed 
tests it was generally proposed to discard sufficient of the 
upper portion of the ingot to insure that the portion used 
be uniform within the limits required. Different steel- 
makers estimated that from 25 to 40 per cent. of the 
ordinary rail ingot would have to be cropped. 

Trials of the new specifications were made at two well- 
known rail mills and resulted in the rejection of con- 
siderable percentages of the rails rolled, but no large 
discards were made from the tops of ingots. The writer 
suggested that the requirements of the specification could 
be met*more economically by making use of mverted 
ingots equipped with sink-heads, which would permit the 
use of steel which by reason of its being thoroughly 
deoxidized would show little segregation. Such steel 
could not be safely cast in the type ef ingots ordinarily 
used for rail steel, because of excessive piping, and be- 
cause, as explained previously, the location of the piping 
cannot be predicted with any degree of certainty. 

The results of the different efforts to meet the speci- 
fications in various ways are given in the following table: 


PERCENTAGE OF RAILS REJECTED. 


ORDINARY INGOTS. SINK-HEAD INGOTS. 
Cause. MilA MillA MillB MillB MillB MillB MillB 
ist Rol 2d um 1st Be. 2d Roll. 1st Roll. 2d Roll. 3d Roll. 
‘ } ' 4. 6. 
EGDING sah scsieaconr staan corn 3.28 4.86 6.26 12.09 8.52 : 
Drop test breakage...... 4.54 1.27 0.24 Lay 0.00 0.60 0.00 
Segrewationa v.us.us accent 8.84 16.52 11.40 7.40 0.00 0.00 
Ae OF BnALYVAIB.ccstrese) S0LRD 19.81 12.30 3.24 0.00 5.51 


Total rejections on test.. 29.48 40.88 28.70 18.07 12.09 14.68 2.80 
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Column 1 gives the results obtained on Mill A using 
their ordimary practice of steel-making and discard. 
Column 2 covers the second rolling at the same mill. 

Column 3 shows the results of the first rolling at Mill 
B, and 4, the second rolling at Mill B, using a somewhat 
different practice. 

Columns Nos. 5, 6 and 7 cover the different rollings 
to meet the specification, using inverted ingots equipped 
with sink-heads. 

The two earlier rollings of the sink-head series were 
made from ingots equipped with sink-heads too small to 
insure all the piping being included in the sink-head. 
These small sink-heads were gradually replaced by larger 
ones, and in the last rolling most of the sink-heads were 
of the proper size. 

Prerna. 

The gradual reduction in the percentage of piped 
rails as the smaller sink-heads were replaced is clearly 
shown. The design of the small sink-heads was deter- 
mined by experiment; the ingots were allowed to become 
cold and were then split. The small sink-head was ample 
to protect the ingots under these conditions, but in aetual 
working conditions under which the ingots were stripped 
and charged into the soaking pits while some of the 
interior metal was molten, we found that the expansion 
of the outer walls of the ingot when heated seemed to 
increase the capacity of the ingot and required more. 
metal in the sink-head. Measurements on a considerable 
number of 20 X 23” ingots before charging and after 
being heated, showed an average increase in diameter of 
0.3”, corresponding to an increase in volume of about 2.5 
per cent. There is no doubt that with a sink-head of 
proper size, there will be no question as to the piped rails 
being entirely eliminated. 

SEGREGATION. 
These specifications are admirably adapted to detect 


‘and penalize segregation. Not only the direct check on 


174 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


segregation in the requirement that the carbon at the 
point M shall not vary more than 12 per cent. from that 
at O, but the indirect check on segregation which results 
from such a severe penalty for the O analysis falling out- 
side the specification requirements. In ordinary com- 
mercial ingots, in addition to an enrichment of the metal 
at the upper central part, there is generally an impover- 
ishment in the segregating elements along the exterior 
near the top. The only guide the rail mill has as to the 
grade of steel in a heat is the ladle analysis. This 
ordinarily is a fair average of the heat, and if the 
analysis at the point O corresponds to the ladle analysis, 
the mill can safely apply steel based on the ladle. If, 
however, the O analysis does not agree with the ladle, 
rejection of the entire heat is likely to occur in spite of 
the ladle analysis being well within the requirements. In 
thoroughly deoxidized steel the O analysis agrees very 
closely with the ladle, as there is neither the central en- 
richment nor the exterior impoverishment. In the results 
of the early rollings shown in columns 1, 2 and 3, the 
rejections because of O analyses being outside the limits 
are greater than those due to segregation at the point M. 


CHEMICAL ANALYSES. 


The main feature of this specification centered around 
the chemical analyses, and in these experimental rollings, 
in order to determine whether or not such a specification 
was workable, a long series of chemical check work was 
done jointly by the railroad and the steel works’ chemists. 
A special laboratory was fitted up at the works, and the 
railroad chemists made their analyses concurrently with 
the working of the mill, and every determination was 
checked within .02 per cent. in carbon before the final 
figures were reported. Similar close checking of the 
other elements was required. The actual results obtained 
by the two sets of chemists on each analysis made on the 
sink-head rails are given in the table attached. This is 
given simply as an example of the close results which can 
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COMPARISON OF SEGREGATION 
IN 
RAILS ROLLED FROM ORDINARY INGOTS 
AND RAILS ROLLED FROM SINKHEAD INGOTS. 


PERCENTAGE OF SEGREGATION 
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CHECK ANALYSES ON RAILS ROLLED FROM SINK-HEAD INGOTS. 


Analyses marked ‘‘C’? made by Cambria chemists; those marked “P. R. R.”’ by 
Pennsylvania chemists. 


Analyses at point O of CARBON DETERMINATIONS. ; 
A Rail A Rail B Rail C Rail 
% %o % 
Heat. Si. BM: O. M. Seg. O. M. Seg. O. M. Seg. 
TNT di 0 SS AR ge .198 _.029 .74 -150 .778 3.78 -740 .770 4.06 -770 + .750—2.59 
: Pi Riccar ola se Oat cee -754 .794 5.31 -761 .784 3.02 -769 .760—1.16 
OE SL aS aacatars santas 124 .023 .65 -684 .756 10.52 .674 .676 0.30 -696 .660—5.17 
PiOitse Bessa chine 1388 °.021° .63 .698 .773 10.73 -687 .673—2.04 -671 .662—1.34 
bol 1G Oe ee -136 .040 .72 .668 .672 0.60 .686 .690—0.59 -680 .690 1.48 
Poa iry meer -150 .038 .70 -667 .676 1.35 -701. .709 1.15 -703 .710 1.00 
O1-075:1'C vac ivath aces .225 .029  .83 -738 .745 0.96 -746 .780—2.15 .754 .744—1.38 
Bi Ri (Rotorua. cls, Oke. i0o 3188 758 2.08 -736 .725—1.50 -742 .734—1.08 
SE LUG Or ox creas ourtte 135° .028 .74 -727 = .700—3.71 -700 .675—3.56 -700 .690—1.42 
BARR Sec res seeks BOaa ae -738 .689—6.64 -710 .669—5.77 -687 .698 1.60 
OL AL26 Gy tees ose naeene -099 .019 .60 -676 .698 3.26 -666 .664 0.30 -668 .650—2.69 
Bis Ebi, asad gn 004 B-0200 2G -689 .675—2.03 -680 .667—1.91 -667 .636—4.65 
DL ARIUS coconsheutesen, BUTS 0200 cre -640 .640 0 -620 .620 0 -646 .600—7.11 
PR dbiiaemntiaOth O20 t ork -638 .636—0.31 -627 .596—4.94 -640 .605—5.47 
DAES OG css ents cicauatie ee 142 .023 .77 | .670 .700 4.48 .678 .694 2.38 -676 .708 4.75 
LCE hong mie om he -165 .021 .82 -639 .671 5.01 .658 .683 3.80 -684 .686 0.29 
S13202". Crs ces were aor 101 .019 .63 .722-—.713—1.24 -710 .700—1.41 -700 .700 0 
| Sn gen a ie -120 .017 .63 -705 .714 1.28 -680 .693 1.91 -680 .691 1.62 
MATL Cstimeticascassecaoe? .0L0 a. Te -688 .679—1.30 -674 .728 8.01 -710 .704 0.84 
Pv, iz. sees L051 cboe a72 .691 .673—2.60 -696 .708 1.73 -679 .694 2.21 
OLBUL EC ciceatecs ai ears 141.022 .77 107 +=.T73 9.83 -720 .740 2.78 -734 .714—2.72 
Reette Rien cewet taa: a O2e0 sae -714 .754 5.60 -T47 .733—1.87 -720 .722 0.28 
Od LT OR Aa ese -183  .024 .70 -661 .708 7.10 -700 .710 1.43 -664 .700 5.42 
IP, Ri.c Ratcanir on tate veel. oee) -669 .693 3.58 -678 .681 0.45 -676 .698 3.27 
bp ey i We © ee eee ee eae 125 .022 .69 -667 .713 6.88 -662 .670 1.21 -684 .640—6.43 
Pain Ravin se -130 .022 .67 -671 .707 5.36 -6384 .674 6.31 -667 .625—6.30 
91, SOG AD a. hs east cals -041 .017 .66 -610. .628 2.95 -614 .638 3.91 -618 .638 3.23 
PR. Rivaees J00T: 0tn< .64 -600 .596 0.68 -606 .618 1.97 -595 .631 6.04 
OL ASo Con aae caavnsiagn 147 Olt ene -671 .6444,12 -660 .680—4.54 -660 .610—7.57 
Pi Te Rveccwen tee 2686) 266 -680 .629—7.50 -669 .684—5.24 -660 .604—8.48 
DL 00 ACh ha aeoeathee -078 .023 .80 .400 foo 8.43 -760 + .740—2.63 -754 .740—1.85 
Bev icv ertne s050 Ons mene -744 .760 2.16 -745 .785—1.34 -733  .735 0.28 
91,480..Ci is cesar L048 DER OR -625 .627 0.32 -628 .620—1.27 -608 .640 5.28 
B. Re Ricsaees, 120) 5019) - 88 -625 .651 4.16 -658 .643—2.27 -636 .640 0.63 
BS A le sale aenad oven -110 .022 .70 -655 .715 9.17 -650 .664 2.17 -650 .646—0.61 
Py Peerage -120 .020 .69 -663 .715 7.84 -660 .660 0 -647 .650—0.47 
BISDUL Cs sacee sacs tae -121 .028 .68 -656 .633—3.50 -660 .660 0 -660 .664 0.61 
Pa oite, Fuss. aston 141 .020 .71 -669 .622—7.03 -688 .645 1.10 -680  .653—3.96 
LDS Giedacconsnen ay 103.024 .71 .645 .610—5.43 -665 .590—11.28 .650 .600—7.69 
tai BR eee -101 .022 .68 -627 .596—4.94 -681 .605—11.16 .642 .598—6.85 
OT DEO ACs tade vey cules -101 -.020  .71 -649  .713 9.87 -660 .710 7.58 -652 .640—1.82 
Bt Tec Etorisiccanses Oy SLs ont -656 .722 10.70 -682 .720 5.58 -647 .638 1.39 
CLES dea eedeae bal 151.024 .76 .698 .723 3.59 -684 .700 2.36 690 .690 0 
a Lea Seatac -165 .024 .73 -665 .736 10.68 -688 .671—2.46  .673 .664—1.33 
D1 Galt + eaeninctes dae O73 .028 .73 .669 .712 6.42 -646 .650 0.62 660 .664 0.61 
P.oRe Reestksn s0t8 088) 179 676 .691 2,22 669 .631—5.68 689 .6783—2.32 
CIR pam 8 a eRe I Slr -180 .027 .78 -747 748 (0.18 -680 .694 2.07 .680 .660—2.94 
Py Bs Rinses alec O2d 2 76 TT. 27S 0 -660 .676 2.42 693 .682—1.58 
OI Bd MGs asec warns -200 .024 .74 -718 ..720 7.23 -730 .760 4.11 .746 .760 1.87 
Pi Ra Rive wet -193 .028 .77 -732 .784 7.11 .719 .768 6.12 .783 .733 0 
DLS WO) cavor ce cneiee -183 .028 .76 -681 .678—0.49 -674 .672—0.30  .680 .688 1.18 
By Re kt dane lee Oe) Pre -667 .665—0.30 -686 .647—5.69 .694 .671—3.31 
91,699-C. nck. ceeceey «19 2096 .68 -648 655 1.09 -670 .660—1.49  .670 .650—2.80 
oR a ee -120 .022 .€8 -644  .642—0,31 -689 .660—4.21 .664 .651 1.96 
PSOE Cheek iat lane eke 145 .016 .62 -661 .690 4,49 -688 .690 0.30 .686 .672—2.03 
Picker ete eer’ -165 .015 61 -674 .707 4.90 665 .676 1.66 .669 .676 1.05 
BLOBS. Oe. cia wen vient cust ekally Ol Deh -691 .753 8.96 -698 .692—0.86 .688 .698 1.45 
Rey SE) Et case One cOeek rn -693  .749 8.08 673.674 0.14 671 .682 1.64 
SISGA0 Gorn. tiedian. S -113 .024 .75 -663 .691 4.22 -662 .664 0.39 680 .684 0.59 
Be hag Besviearalie: LSE COD -687 .670—2.48 -665 .680 2.26 .665 .680 2.26 
OE OES) 7Os chee n vay eae then Ole) aT -150 .772 2.92 -760 .778 2.87 .778 .760—2.32 
eam a Fi, de a te E ‘ae -T51—0.66 -752 .758 0.80 .745 .746 0.14 
,600 CO... ss ; . -624 .67, 4 ; -600—0. ‘ -588—! é 
Dig Peee kv aesie sie 145 .018 .65 eer it eee ae ene eee te 


-630 .659 4.60 .614 ,596—2.92 600 .574—4.32 
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Analyses at point O of CARBON DETERMINATIONS. 
A Rail A Rail B Rail C Rail 
% % % 
Heat. Si. P. Mn.’ O. M. Seg. 0. -M. Seg. 0. M. Seg. 
FUE. we 131.020 .70 .761 .786 3.38 744 .770 3.48. .740 .737—0.40 
P. R.R....... 145 019 .65 744 1776 4.29 .749 7470.26 .736 .774 5.17 
CS eae 138 .018 .67 735 .800-8.84 748 .757 1.21 .740 .746 0.81 
est i 148 .015 .70 751 .800 6.52 .743 7420.18 743 .754 1.48 
ORS Ta es ee 122 .010 .63 683.727 6.44  .714 730 2.28  .690 .685—0.72 
By ae a 112 .012 63 .700 .747 6.70 ° .709 727 2.55 691 .711 2.90 
Oy gay oe aaa 126 .022 .67 658 .630—1.22  .650 .650 0 630.646 2.53 
ke eee 1297 1023 .62 633 .645 1.79 644 .635—-1.40 622 .629 1.13 
91,717 C.............. 126 .019 .65 .675 .692 2.52  .680 .690 1.47 .686 .700 2.04 
P. R. B....... 112 .018 .65 664 .685 3.16 .689 .689 0 1682 .685 0.43 
91,720. C 1010 .65 688.647 1.41 .640 6301.56 634.640 0.95 
P. O11 .66 .636 6310.78 616 .649 5.37 640 .652 0.88 
91;739 C. 020 .71 .680 .690 1.48 680 .680 0 ‘670.690 2.98 
P. 022 .73 .658 .669 1.68 675 .694 2.82  .682 .665—2.49 
4 91,746 C 015 .69  .694 .685—1.30 .702 .700—0.29  .704 ».680—3.41 
P 1015.69 .687 .707. 2.61 .705 .709 0.57 693 .698 0.72 
91,760 C (017.66 702 .689—1.86  .700 .718 2.57 .700 .704 0.57 
P. 015.67 .694 .710 2.31  .694 .707 1.88  .685 .686 0.15 
91,790 C (155.033 .78 710 .741 4.37 .740 .782 5.68 748 .776 3.74 
eb oy SY 1142 .034 .78 702.761 8.39 .731..754 3.15 729 .747 2.49 
a eae (019 .75 .653 .655 0.31 .644 .668 3.73  .650 .660 1.54 
RR. Rei.s.+, 183 02.70 662 6334.38 633.658 3.17605 858—1.06 
MUGS iar oss, 1. 225° .029 .83 738 .745 0.96 .746 .730—2.15 754 . : 
P. R. 028 79 7388 758 2.08738 7251.50 742 7341-08 
a 105.020 .75 .725 .710—-2.06  .690 .690 0 "710. ; 
P. R.R....... 098 .024 .71 .710 .725 210  .694 .694 0 696.698 0.30 
eR Cis ce (078.020 .74 640 .640 0 620.620 0 646 .600—T. 
oS ae (020.71 .688 .636—0.31  .627 .596—4.94 640 .605—5.47 
91,239 C..... ‘022 .73 600 .650 8.31 .628 .640 1.90 .620 630 1.61 
P. R. (139.020 .73 593.660 11.13 641 .643 0.30 628 624 0.15 
Beh eh ect oe "151 .024 .75 698 .723 3.59  .684 .700 2.36 .690 . 
Pe 024 73 665 796 10.68 688 6712.46 678 664-183 
91,572 C..... "027 .78  .747 .748 0.13 680 .694 2.07 680 . : 
Ae aa ae 029 .76 727 727 0 "660 .676 2.42  .693 .682—1.58 
ST eee "900 1024 174 718 .720 7.23 .730 .760 4.11 .746 .760 1.87 
Se oa ee 023 77.732 784 7.1L 719.768 6.12 138 33 0 
91,585 C..... "023.76 681 .678—0.49 .674 .672—0.30° 680 . : 
P.R.R....... 188 024 -72 667 685-020 086 .647--5.69 604 6718.81 
i = eae mea "113 024 .75 663 .691 4.22 662 .664 0.39 .680 . 
P. R. 125 028 73.687 670-248 - .665 .680 2.26 065 80 2.26 
ee ee a "162 027 (84  .690 .700 145  .688 .730 6.10 .700 . 
a eg ge "030 .85- .698 .728 4.30 " .719 .734 2.10 m1 124 1.82 
GieHE ey Oe, Aes "109 1030 .79  .639 .641 0.32 .642 .652 1.57 .662 . 
P.R.R....... 122 027 .75 645.652 1.09 054 .650-0.62 654 6451-88 
aks es a "128 021 .72 .683 .652—4.53 670.6601. 680 .658—3. 
P. R. "128 018 .72 676 683 1.04 .702 615.84 660 18 2.78 
jie ee "107 018 .55 .680 .723 6.33 © .700 .728 4. G68. . 
P. R. 114 1019.55 699.729 5.2L 720 725 0.70 660 1 4.70 
ta eee "131 1018 172 .649 .679 4.64 .656 .674 2. ‘640.650 1. 
; P.B. Ro....., 128 .020 74 676.680 0.59 «673-680 1.04.69 71 0.31 
KREG Sy "143 018 .63 710 .756 6.48 700 .760 8.57 .700 . 
a .. R. "145 (016 65  .710 .745 4.94 .714 763 6.87 714 .690—8.36 
PENZO. | Robtaswen: "175 040 81 667 .702 5.25 .680 .694 2.37 .696 .680—2.39 
P. R. R....... 197 .040 .88  .701 .701 0 207-701 —0.85 -700 700 0 
inp Pe pis "933 018 .71 664 .690 5.50 .654 .684 4.59 674 . 
ae ee ‘207 :016 TL 678.087 131 685.689 0.59 678 614 0.14 
a eee "174 020 70 696 .733 5.32 .680 .718 5.58  .676 .664—1. 
ae es ““""""" "463 ‘016 .70 691 .740 7.08 .708 .731 3.27 711 .667—6.18 
ss er ee ee "190 1023 184 793 .786 8.71 .748 .740—1.07 .750- .740—-1.33 
i: Sey RS "172 021 184 744 7.69 3.37 734 .762 3.83  .742 .740—0.26 
92,060 C. T0020 175-063-720 1.01 682, 084 0.30 680 708 411 
ci gree” 2. : ‘690.713 3.82 .696 .705 1. Grate : 
92,080 eC eae, ert ae e992 772 «532752 7500.26 M9 .687—1.18 
; Ro. BA O21 77) ~ TK «183-808 753-770. 2.28, 751. : 
92,098 c a 14 ‘014 63.638 094 8.77 656 670 2.14 648 6103.72 
Per. ee. oe ie ; i@o6 702 7.02, 662 . : 645, .642—1. 
ig aa “0 “026 ar 709795 2.25 700" 7000, «720. 706-—1.94 
92 1NT Cee yay 1028 (711780 «7142.19 1728 .713-2.19 707 7293.10 
92,135 Se a Wit 64 720 TRS AST «782 7201.64 730 .720+-1.86 
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.017 62 -740 .754 1.90 "729 1720-1.23 .717 .713—0.56 
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Analyses at point O of CARBON DETERMINATIONS. — 
eps Rail A Rail B Rail 2 C Rail P 
%e lo 
Heat. Si, P;- Mn. Ove wes Seg. 0. "MG Seg. O. Mz. Seg. 
2149 LC). coasrcetne eter -149 .017 .59 -668 .725 8.51 698 .666—4.48  .668 .660—1.20 
naga gs .016 .59 -702 .744 5.98 -698 .660—5.44 .685 .656—4.24 


92,172 018 = 71 -660 .665 0.76 -672 .664—1.18 .666 .684 2.70 
FL by day fi -658 .667 1.37 .667 .665—0.30 .680 .689 1.32 

92,192 -018 .73 -743 .734—1.22 -146 .720—3.48 = .740 .700—1.35 
-020 .74 -T49 7440.66 -142 .748 0.81 .754. .749 0.66 

92, 223 020 .77 -770 .825 7.13 = .770 +.780 1.30 .774 .780 0.79 
on eee Ete sits 022 .78 -780 .832 6.65 -780 .787 0.90 .776 .780 0.51 

92,363. C.....> : 017.71 =.704 .709 0.71 .690 .712 3.18 .700 .680—2.86 
O14 .69 -705 .733 3.98 -678 .707 4.28 .691 .660—4.49 


-016 .68 -651 .669 2.78 -653 .6388—2.23 .642 .636—0.93 
-034 .85 -675 .722 6.95 -706 .690—2.27 .694 .670—3.46 
0382 .82 -700 .738 5.41 -692 .683—1.30 .705 .661—6.24 
-039 .86 ©=.705 =««.755 «7.10 -720 .730 1.40 .720 .710—1.39 
-040 .86 -720 .771 = 7.08 -726 .760 4.69 .733 .708—3.68 
-015  .74 -725 .748 3.18 .760 .740—2.10 .768 .680—8.11 
-013° .77 -122 .749 3.73 -761 .758—2.76 .689 .689—9.10 
-018 .65 -705  .763 8.21 -682 .712 4.39 .694 .710 2.30 
.015  .63 -708  .792 11.85 -107 .731 3.39 =.693  .682—1.59 
-020. .74 -733 741 (2.18 -710 .720 1.42 .720 .712—1.11 
-018 .79 -745 .740—0.67 -720 .736 2.23 .788  .713—8.38 
-017 .66 .655 .698 6.58 -640 .670 4.09 .634 .670 5.68 
-019 .64 -663 .725 9.37 .665 .660—0.75 .647 .641—0.92 


92,448 C...... ‘117 :017 169 637 1665 2.84  .646 .650 0.62 632 .617—2.37 
92,502 C. j 

92,524 
92,549 
92,587 
92,639 
92,659 


Kd 


52,690 SG emtetkice cae 195 .017 .77 = «724.726 -0.80 714 .700-—-1.96 .714 .704—1.40 
Ber Dg hs sistsjatais -190 .020 .76 732.760 3.81 .714 .717 0.41 .709 .718 1.28 
92,715 C.............. 100 .022 .70 .692 .740 6.94 .700 .720 2.86 .690 .700 1.47 
stektera: Es Risin ate 117 .020 .69 714. .760-7.69 .718 .788 2.78 671 .7%2) 7:61 

DOF TAY Gotta tamistsita sie 6 -120 .037 .68 . .707 .7385 3.96 704 .710 0.85 -714 .700—1.96 
Dever atom pgeiete 116.036 .71 716 .732 3.23 700 .738 5.42 .701 .690—1.58 
PANU TDIMN, viel ershs awison 150 .029 .82 717 .765 6.69 752 .778 3.46 .714 .702—1.68 
Po ROR 141 .032 .86 733.770 5.04 TAT .767 2.69 .734 .701—4.49 
92,810 C. 144 .019 .63 702 .742 5.69 684.720 3.75 .676 .670—0.89 
POR. 136 .016 .65 707 .789 5.92 698 .742 6.29  .702 .684—2.56 

UPR BUS rds renee 121 .031 .74 660 .702 6.37 680 .700 2.91 .686 .670—2.33 
BR, R 116° .029 .75 -687 .709 3.22 680 .716 5.30 .696 .691—0.72 

MeO Ls Wsle:c7antataia' el cae Bs -079 .017 .75 665 .660—0.75  .650 .646—0.62 650 .640—1.54 
Pett Hnwsttery 078 .016 .72 .651 .676 3.80 .645 .651 0.92 .656 .664 1.22 

D2, OU Cre cecidatae aekars 182.021. .75 =. 748.787 (5.22 = 780 -.796 9.06 .740 .730—1.34 
P. R. R....... -179 .028 .77 = 756.800 5.88 .738 .791 8.14 .764 .744—2.61 

CPEB VAN Me RN nny I 125 .018 .67 = .699_ .740 5.88 .702 .710 1.14 .700 .670—4.29 
By Re Rivncs< slit) Ol 08 685 .756 10.38 715.716 0.15 715 .621—6.16 

UCM OSES BAS Serr eras 215 .026 .78 710 .727 3.72 710 .720 1.41 720 .700—2.77 
P. R. R....... 216 .027 .738 .727 .751 3.30 .716 .788 2.38  .718 .720 0.29 

Bo DOGO nenteN assert 100 .025  .71 650 .666 2.48 .646 .640—0.93 632 .590—6.64 
abe: Ethene 105.027 .74 8 =.668 -.685 2.55 .650 .656 0.92 641 .610—4.83 

PS LOV Ow ceaweawadnas 00) Ole oT: 632 .746 18.04 676.700 3.56 684 .650—4.96 
P. R. R.....,. 189 .018 .75 .651 .76217.04 685 .724 6.70  .684 .669—2.18 

HSs0201 ada se ose ii -246 038 .79 .708 .760 7.34 -730 .730 0 -720 .760 5.55 
P. R. R.x..... .226 088 .79 713 .764 7.16 740 .740 0 -738 .760 2.98 

CE NUE. nectar ie oa 151.022. .70 = .669 .667—0.30  .668 .660—0:20 678 .660—2.65 
Pea Ete Rne sides take =cOSGh os Th 662 .660—0.30  .689 .651—5.52 .694 .674—2.88 

D5, ORG Onimnte incase» emere 119.030 .61 683.715 4.69 .680 .710 4.40 670 .660—1.49 
4 SERS SR SB oe -098 .030  .61 ‘105.723 2.56 = .691 705 «2.03 692 .684—1.16 

DOV LAA Mo siaserseis Celetite 148 024.70  .746 .748 0.28 = .740 -.756 2.18 .744 .716—3.76 
Teas, bkem, Rtctastethy -024 .66 -T45  .738—0.94 -731 .745 (1.92 716 .694—3.07 

93,159 C 024.81 713 .689—3.36 — .728-.702—-3.56 ~=—-.716 680 —5.08 
BP 023.77 6727 6964.26 .702 .698—0.56 713 .682—4.35 

93,176 C 020 .65 .600 .657 9.50 .600 .630 5.00 .596 .614 3.02 
P, 022 .65 -614 .650 5.86 612 .627 2.47 616 .610—0.97 

93,214 C 022.62 = 665.681 2.40 .674 .690 2.38  .660 .680 3.02 
B 022.62 694 .689—0.72 .664 .692 4.21 .669 .680 1.64 

93,246 C -029 .71 655.674 2.91 .680 .680 0 -670 .680 1.49 
AS -029. .68 .669 .685 2.39 683 .690 1.03 .690 .685—0.72 

93,280 C 027 .73 735.797 8.44 716.740 3.06 .714 .710—0.56 
sd 022 .76 753.800 6.24 749.752 0.40 754 .749—0.66 

93,302 C 028 .77 690 .693 0.44 680 .680 0 -680 .684—0.59 
od 027 .80 .714 .709—0.70 701 .707 0.87  .689 .685—0.58 

93,339 C 025.75 = 695.767 10.87 —-.728_- 756 3.86 .718 .680—5.30 
Wy 024 .79 -716 .789 10.20 742.760 2.42 = 740 .682—7.84 

93,361 C 020 .70 = .666 .720 8.12 .680 .670—1.46  .654 .629—4 99 
-018 .72 680 .751 10.45  .700 .676—3.42 684 .684—7.30 

93,438 C 023.68  .689 .662—3.92 676 .632—6.52 .680 .680—7.35 
1, 022 .67 .682 .683—0.58 680 .644—5.33 687 .656—4.51 

93,451 C 018 .61 = .706 » .650—7.94 -690 .680—1.45 690 .630—6.99 
PE -015  .59 703 .652—7.26  .707 .705—0.28  .689 .644—6.53 

93,467 C 081 .83 735.748 «1.78 = .740 750 1.85 740 .750 1.35 
ea eal ts 183.029 .84 -750 .765 1.02 743.770 3.61 756 .752—0.53 
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be obtained even under the stress of the necessity of very 
rapid work, as the results had to be obtained promptly 
so as to avoid delays in shipping the rails. Using the 
railroad chemists’ results, which must of necessity be 
considered decisive, the percentage of segregation which 
was found in the top rails was 9.29 per cent. for rails 
rolled from ordinary ingots and 4.31 per cent for rails 
rolled from sink-head ingots. There is on the average 
more than twice as much segregation in the ordinary 
ingots as in the sink-head type. A more detailed com- 
parison is shown on Plate VII, which shows how much 
more uniform the sink-head ingots were. This diagram 
shows that 25.4 per cent. of the analyses from heats cast 
in ordinary ingots were outside the rejection limits while 
less than 1 per cent. of the analyses from sink-head 
heats were outside. Out of all the 5,000 tons of rails 
made from sink-head ingots, we found only one case 
where the segregation was sufficient to cause rejection, 
and we have reason to think this was due to an error in 
not following instructions, and not to anything inherent 
in the method of producing uniform steel. 

By taking a large discard from the top of the ingot, 
fairly uniform steel can be obtained, but, as stated earlier, 
this is not economical, nor is it certain, as there are 
many ingots like Ingot 4 on Plate III, in which there is 
segregation and a tendency to pipe with sometimes actual 
piping 50 per cent. or more from the top of the ingot. 
The Pennsylvania specification will not detect defects of 
this kind, although it is certain that it will result in a 
great betterment in the quality of the rails over those 
purchased under the usual specifications. 

These experimental rollings of rails have been selected 
to show the possibilities of the inverted ingot in making 
steel commercially which is practically free from segrega- 
tion, because the testing was so thorough and so well 
checked by the purchaser that there can be no question as 
to the results. Equally striking effects have been pro- 
duced in the making of forging steels where the necessity 
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of producing sound steel is probably more imperative in 
a commercial sense than in the rails. A small pipe may 
exist in a rail and not be detected for years, if ever. In 
the case of some forgings, crank shafts for instance, a 
great deal of expensive work may be done by the customer 
in forging and machining before he cuts out the throw. 
This operation is likely to disclose even the slightest pipe, 
and, if such is disclosed, all the work done up to that time 
is wasted. The buyer of forging blooms can very 
economically pay a substantial extra for steel which can 
be guaranteed as sound, and an inverted ingot equipped 
with an efficient sink-head is the surest way to produce 
such steel. 

In the past the steel-maker has often met exacting 
requirements by using only the lower portion of the ingot 
for product demanding what is generally considered 
exceptional quality, and applying the upper portion in 
the making of product on which special refinements did 
not appear to be necessary. Splice bars, tank plates, light 
rails, ete., were frequently made from the top cuts of 
ingots, and appeared to give satisfaction, but there is a 
general demand for better quality all along the line, and 
it is reaching all these products. The man who formerly 
bought flange steel whenever his work involved the slight- 
est flanging operation, now orders tank steel and insists 
on it being capable of flanging; the splice bar, by reason 
of more severe service conditions and the demand that 
failures be eliminated, is now subject to stringent testing 
requirements. In fact, one of the leading railroads has 
very recently put out a specification for splice bars in 
which the requirements are as exacting as for the highest ~ 
class of heat treated forgings. These changes in the 
requirements of customers are changing the economic 
conditions in the steel works. If the discard has to be 
scrapped, a very much smaller discard will bring the cost 
up to the cost of improved casting practice, than would 
be true if the discard could be utilized for product, and 
the gradual and rapid restriction of the uses to which the 
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upper portions of the standard ingot can be used is fore- 
ing more and more of the top cuts into the scrap heap. 

Some cheap method must be developed to make a 
larger portion of the ingot available for the new and 
exacting requirements, and so certain are the results 
which have been obtained, through the use of the sink- 
head that the writer believes some adaptation of it is 
the most promising means of achieving the desired result. 
(Applause.) 


Presment Gary: We will now have a brief discussion 
of Mr. Kenney’s paper by Dr. Henry M. Howe, Professor 
Emeritus of Metallurgy of Columbia University, New 
York. (Applause.) 


THE COMMERCIAL PRODUCTION OF SOUND 
AND HOMOGENEOUS STEEL ; 


Discussion By Hanry M. Howe 
Emeritus Professor of Metallurgy, Columbia University, New York City 


Let us hope that this discussion will make it well, 
surely, and publicly known that both those who decide 
the procedure in rail-making and also their advisers are 
very keenly alive to their grave responsibility to trav- 
elers: that familiarity has not dulled them to the appeal 
of every victim of a rail breakage to leave no effort un- 
made to shield others from a death like his; has not 
clouded their perception that the rail-maker who con- 
tributes to a human death by failure to do what lies in 
him to prevent it by exercising his power, his knowledge, 
his skill, and his inventive faculty, is to that extent 
accountable for that death. 

The danger to life from the use of our common pyra- 
midal and cold-topped rail ingots has been so long and 
prominently before us that we turn eagerly to Mr. Ken- 
ney’s most promising plan for avoiding it. 

His reason why wild steel segregates is certainly 
attractive, the supposed entraining upwards of the metal 
alongshore, enriched in the segregating elements, and the 
resultant concentration of those elements in the upper 
part of the axis. Yet on reflection we do not find this 
wholly satisfying. This lively movement ought to stir 
the metal up, to efface rather than to cause local enrich- 
ments. The lightness of these elements hardly counts. 
A spoonful of whiskey, if set skillfully on the surface of 
a glass of still water, indeed remains in place pretty well. 
But stir the water ever so little, and the whiskey mixes 
with it and can never again be parted from it by any 
mechanical means. 

I incline to explain the freedom of quiet steel from 
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segregating in a radically different way, by its leading 
to the landlocking type of solidification. 


Two Types or SoLiDIFICATION. 


We conceive of two extreme types of solidification, 
the onion type, with the deposition of successive concen- 
tric layers one on another, and the landlocking type, by 
the outshooting of branching pine trees from the shores 
of the already solid layers. These outshooting pine trees 
lock between their trunks and branches the residual 
molten metal, with the result that each little pool thus 
trapped retains the whole of its carbon, phosphorus and 
sulphur, and no general migration thence of any part of 
these elements to an axial last freezing pool is possible. 
Thus it is easy to understand why this landlocking type 
of solidification opposes axial segregation. 

Quiet leads in two ways to this landlocking. 

The first particle of iron which freezes out is much 
poorer in carbon than the molten metal from which it 
freezes, and this selection of course makes the shore layer 
of the remaining molten metal correspondingly richer in 
carbon than it was before the freezing began, and prob- 
ably so rich that its freezing point is higher than the 
existing temperature. As a result, this shore layer can- 
not freeze, and no additional iron can freeze out of the 
molten and attach itself to the already formed solid 
layers till, by the slow process of diffusion, the layer of 
the molten in contact with them has become so poor in 
carbon that it can freeze at the existing temperature. 

If now we imagine that two pine tree trunks have 
already formed and are projecting out into the molten, 
it is evident that this process of diffusion will lower the 
carbon content of the molten metal in contact with their 
tips more rapidly than that of the landlocked metal be- 
tween their trunks, so that their tips will grow faster 
than their sides. But this is a condition which continu- 
ously exaggerates itself. The longer the trunks of the 
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pine tree are, the more effectually do they shut off the 
molten metal about their bases from being so impover- 
ished in carbon by diffusion as to become capable of 
freezing at the existing temperature. 

This principle, which thus leads to the rapid growth 
of the pine tree tips, has already led to the formation of 
the pine trees themselves. Any slightest protrusion at 
any one spot on the surface of the solid layers at their 
contact with the molten, has a corresponding advantage 
over the concave spaces about it. Because it protrudes, 
it will the sooner have molten metal against it on which it 
can feed; that is to say, molten metal poor enough in 
carbon to be able to freeze at the existing temperature. 
Hence from being a slight protrusion it grows rapidly 
into being an outshooting blade. Because it thus grows 
faster than the concavities beside it, it continuously 
increases its advantage. ‘To him that hath shall be given. 


Qutet Opposes SEGREGATION. 


But this advantage which the first incipiency of a 
protrusion has is in large part lost if the metal is in rapid 
movement, because this movement feeds the coneavities 
beside the protrusion almost as fast as the protrusion. 
The advantage which a protrusion has is very great if 
diffusion alone is to remove the carbon of the shore layer 
of molten metal which is unfreezeable because too rich 
in carbon. But if there is violent motion, as in rising 
steel, this feeds the valleys almost as effectively as the 
hills, the sides of the pine trees almost as effectively as 
their tips. 

Clearly if solidification is very rapid, as in the case of 
narrow ingots, or in case the steel is cast so cool that it 
stores up little heat in the mould walls, or if those walls 
themselves are so massive that their temperature is 
raised but little by the heat which they receive from the 
steel, then the advantage which protrusions have is pro- 


portionally greater, especially if the metal is quiet, so 
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that the supply of freezeable metal has to come through 
_ diffusion only. Hence the less segregation under these 
conditions. 

This brings us to a special way in which quiet opposes 
segregation. Quiet metal often cools far below its true 
freezing point before freezing actually starts. But once 
started it goes on with extraordinary rapidity. And this 
rapidity, by exaggerating the advantage which every 
incipient protrusion has, leads to great landlocking, and 
thereby opposes segregation. (Applause.) 


Presipent Gary: We will next have a paper on Waste- 
Heat Boilers for Open-Hearth Furnaces by Mr. Charles 
J. Bacon, Steam Engineer of the Illinois Steel Company, 
South Chicago, Illinois. 


WASTE-HHEAT BOILERS FOR OPEN-HEARTH 
FURNACES 


CuarLes J. Bacon 
Steam Engineer, Illinois Steel Co., So. Chicago 


The employment of boilers for utilizing waste heat 
from open-hearth and other regenerative furnaces directs 
attention to a region where steel-makers may find 
attractive opportunity for enhancing economy. While 
waste-heat boilers in one form or another have long been 
used with heating, puddling and other non-regenerative 
furnaces, only during the last four or five years has the 
practicability of their use with regenerative furnaces 
been conclusively demonstrated. The introduction of a 
boiler in the path of hot gases is not in itself novel, and 
no mysticism has been unfolded in recent investigations. 
What has been accomplished, however, is the practical 
proof of usefulness of boilers with low temperature gases 
and a determination of the conditions of open-hearth 
practice that limit the constructive and operative features. 
Necessarily, a study has been made of the rate of heat 
transmission existing in commercial types of boilers. The 
tardiness in the development of boilers for recovering the 
enormous quantities of waste heat from regenerative 
furnaces is an indication of the difficulties and uncertain- 
ties in the path of this form of improvement, whereas the 
use of boilers with non-regenerative furnaces has long 
been common practice. 

Existing boilers on large open-hearth furnaces are 
showing a saving which, when expressed in terms of fuel 
required in coal-fired boilers, is equivalent to at least 
250 pounds of coal (11,000 B.t.u. per pound) per ton of 
ingots. From statistics of this Institute, the amount of 
open-hearth steel produced in the year 1913 in the United 
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States was approximately 27,000,000 gross tons. As the 
majority of the furnaces are over 50 tons capacity, it may 
be stated conservatively that the use of boilers would 
result in saving between 150 and 200 pounds of a medium 
grade of coal per ton on this total production of ingots. - 
The annual saving would thus be at least two million tons 
of coal—certainly an ample inducement for widespread 
adoption of this form of improvement. 

Recent activity in this direction at several steel plants 
is seen to be fully justified when it is recalled that 45 
* per cent. of the total heat delivered to the open-hearth 
as fuel gas and combustible elements of the charge is 
wasted to the stack, and that one-half or two-thirds of 
this loss may be recovered by boilers at 60 per cent. or 
greater return on the investment. The heat thus saved 
is in the form of steam, and it is customary to express 
this saving in terms of the coal required in a boiler-house 
for generating the same amount of steam. 

While the use of boilers in such applications as soaking 
pits and heating furnaces of regenerative type has not 
received a proportionate share of attention, yet the waste 
gas conditions are, or may be made, as promising for the 
generation of steam as in open-hearths. Generally speak- 
ing, a suitable boiler on any type of regenerative furnace 
will prove a paying investment, provided precaution be 
taken to minimize the wasteful and unnecessary cooling 
of the gas through infiltration of air and dissipation of 
heat. 

The object of this paper is to describe briefly some 
of the representative open-hearth boilers, and to point 
out such results and operating experiences as may be 
sndicative of savings elsewhere and helpful in future 
installations. 


Harty Borers. 


Fifty or more years ago the waste gases on the way 
to the stacks from puddling and heating furnaces of 
various kinds were passed under crude boilers, consisting 
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of single drums or shells 5 feet in diameter and 40 or 
more feet long, without flues or tubes. Although giving 
indifferent results, this practice marked the beginning of 
a train of improvements which led to the adoption of 
highly developed water-tube boilers for the reverberatory 
type of furnace. With regenerative furnaces, however, 
but little progress was made, and this was due to the low 
cost of fuel and relatively great investment required for 
recovering the reduced quantity of heat from the low 
temperature gases. Moreover, the limitations of open- 
hearth practice demanded a treatment the difficulties of 
which seemed greatly out of proportion to the prior 
simple installations with reverberatory furnaces. 

Of first consideration in the use of boilers with an 
open-hearth are the requirements that the draft neces- 
sary for operating the furnace be not impaired, that the 
boiler equipment be made to fit the limited space avail- 
able and, withal, to have ample surface and gas passages 
to efficiently handle the gases. 


Some Existine Borters on Open-HeartH FURNACES. 


The first installation of an open-hearth boiler was made 
in 1910 on a 65-ton furnace at the South Chicago works 
of the Illinois Steel Company. Preliminary tests and 
calculations indicated that at least 60,000 pounds of gas 
per hour at a temperature of 1,200 degrees F. was escap- 
ing up the stack, and from these conditions it was 
estimated that the probable gross available output would 
be 175 boiler horsepower. As little was known of the re- 
quirements for this new service, a second-hand Heine 
water-tube boiler of the usual horizontal type, having 
1,900 square feet of effective heating surface, was 
installed. This was done with the expectation that even 
if it should not prove entirely satisfactory for the pur- 
pose, at least it would provide a convenient means of 
making a study of the peculiar conditions. 

The installation was made essentially as shown by 
Fig. 1. The entire equipment, particularly as to auxil- 
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iaries and attachments, was.made as simple as possible 
at the outset in order to facilitate the numerous changes 
and adjustments required in adapting it to the unknown 
conditions. The demand of the open-hearth furnaces for 
a draft of one and one-half inches, or more, in the stack 
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flue made it imperative that a fan be used between the 
boiler and stack to restore the loss of draft caused by the 
lower gas temperature and the friction through the boiler 
and connecting flues. The gases made a single pass over 
the heating surface, entering the bottom of the bank of 
one hundred and thirteen 314-inch tubes near one end, and 
passing from the top of the bank at the other end. 

After the boiler was put in service, in February, 1910, 
and desired adjustments made, a test of a month’s dura- 
tion showed a gross output of 190 boiler horsepower 
during furnace heats, with gas at an initial temperature 
of 1,150 degrees. Approximately 30 boiler horsepower 
was required for the engine-driven fan, the exhaust from 
which was not recovered. 

Although these results were far from ideal, they were 
indicative of considerable economy in a comparatively un- 
explored region of open-hearth practice. Moreover, they 
demonstrated not only the practicability of application to 
open-hearth furnaces, without detracting from the tonnage 
or quality of steel, but indicated to what degree still 
greater steaming capacity could be realized by using 
larger boilers. In fact, it was evident that boilers with 
twice this amount of surface would be none too large for 
furnaces making 72-ton heats, consequently the following 
year two more boilers of larger size were installed in the 
same open-hearth plant, as shown on Fig. 2. 

A special type of Stirling water-tube boiler was 
selected, known as ‘‘Class P-30,’’ having 4,000 square feet 
of evaporating surface, but requiring relatively low head 
room, thereby permitting Jocation entirely under the 
charging floor. They were provided with superheaters, 
special baffling, induced-draft fans, economizers, per- 
manent soot-blowers, and other special features to favor 
not only the more extensive absorption of heat, but to 
provide facilities for more efficient operation and main- 
tenance. Hach boiler was divided into three passes, and 
was composed of 30 sections of tubes in width, each 
section having thirteen 314-inch tubes. At the rear of 
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the boiler setting, between the damper and fan, there was 
an economizer or feed-water heater made up of cast iron 
radiator sections, but it was soon removed, as it did not 
operate satisfactorily, due to excessive obstruction to the 
flow of gases and troublesome accumulation of dust on 
the irregular surface of the sections. The fans are of 
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Sirocco type, with 72-inch wheels, especially constructed 
to suit the volume and temperature conditions, and 
driven by electric motors at a speed of 400 revolutions 
per minute, providing a total draft of four inches of 
water, nearly one-half of which is required to restore the 
amount of draft previously furnished to the open-hearth 
furnaces by the stack. 

A series of 77 tests, each of the duration of an open- 
hearth heat, was made on these Stirling boilers with 
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varying temperatures and quantities of waste gases. In 
the following table are given the average results of ten 
tests with normal gas conditions: 


Total duration o£,10' tests: xi, <s s.~ <li ois seen eerste see ae 78.5 hours 
Output of boiler and superheater. :......-i.«s.--- 334.5 boiler horsepower 
Meed-water teMperavuxre,. «ea aris sa we ain ee ia) aan atone ale 60 degrees F. 
Shear. PYESSULE Ey, si yee ee ak ie im ele Rares a lgee a Sain ba ete 123.3 pounds gauge 
Surperbheaitas' varity cist lah fotaletnices ara aria areteaits aie en ee eee ana 128.2 degrees F. 
inlet; gag temporatures.... Les. y i vein niles a <ieigrs stalens =p aioe See 1,227.0 degrees F. 
Ontlet. gas temperatures acy, .<peie's sin soto wie oie cae Ble emi a ...-621.0 degrees F. 
Weight: of gases entering boiler_...........-0.os.. 73,000 pounds per hour 
Heat absorbed by boiler per Jhour......2.0.2% .... 5. .5 4. <en 11,200,000 B.t.u. 
Heat absorbed by boiler per ton ingots...................- 1,575,000 B.t.u. 
‘Draft loss’ through boiler: dete. vic oss tye mies Mas Be aie 1.78 inches water 


Rate of heat transfer, 5.08 B.t.u. per hour per square foot heating surface, 
per degree mean temperature difference between gas and steam. 


It will be seen that an average of 335 boiler horse- 
“power was obtained during heats’ when all the gas from 
the furnaces, or 73,000 pounds per hour, was passing 
through the boiler, and that the temperature was reduced 
from 1,227 degrees at the inlet to 621 degrees at the 
outlet. 

Those two Stirling boilers, as well as the previously 
installed Heine boiler, have been in almost uninterrupted 
service since their installation, and recording instruments 
show an average output over long periods of time of 
about 280 boiler horsepower for each boiler, in addition 
to 25 horsepower due to the effect of heating the feed- 
water on the gas valves. 

Following the investigations at South Chicago, 28 
boilers were installed at another plant where the furnaces 
are of 85 tons rated capacity. As there was not sufficient 
room under the charging floor, Rust vertical boilers, each 
having 4,880 square feet of heating surface, were 
installed, as shown by Fig. 3. 

This special type of boiler has six drums, three above 
and three below, two hundred and nine 4-inch vertical 
tubes, and the setting occupies a space 11 feet by 21 feet 
by 31 feet high. It has three passes for the gas and 
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liberal cross baffling to distribute the gases well over the 
heating surface. During the preliminary tests there was 
occasion to make several changes in the baffling in the 
effort to determine the most economical balance between 
heat absorption and draft loss, the final arrangement 
being as shown in the drawing. Superheaters having 346 
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square feet of surface were located behind the bank of 
tubes in the first pass, where they were protected from. the 
high temperature gases. 

In this installation the fans, which have 90-inch 
diameter wheels, of special proportions to suit the high 
draft and temperature conditions, are driven by steam 
turbines, the exhaust of which is utilized in a central 
feed heating system, so that the net cost of fan operation 
is very low, being only seven boiler horsepower, or less 
than two per cent. of the gross output of the boiler. After 
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various changes the following continuous test was made, 
representing average conditions during heats: 


Duration vcs. as ove. 6 oles ee an Ge eee eA 152.2 hours 


Output of boiler and superheater................... 393 boiler horsepower 
Steam consumed by fan turbine.................:.-. 60 boiler horsepower 
Steam returned to feed-water heaters................. 53 boiler horsepower 
Net output of. Doers 2%. crass oiciaae taste ear caer ne 386 boiler horsepower 
Stoumivpressnre:. fag ye, <6 oe sites oe lo ee Meee eee 126.1 pounds gauge 
Temperature of superheated steam...................e0- 530.8 degrees F. 
Inlet gas temperatura. 1 .acn aioe stan + nee oe ciara eee 1,155 degrees F. 
Weight of gases entering boiler................... 83,434 pounds per hour 
Heat absorbed by boiler per hour...................-.e 13,200,000 B.t.u. 
Heat absorbed by boiler per ton ingots................... 1,840,000 B.t.u. 
Draft loss through boiler............... ja? allgiatar athe = ciate 2.48 inches water 
Rateof heat transtors; 42.55 s sp texdeee eae ee eo naee 6.92 B.t.u. 


While these test results show that the average evapo- 
ration is 393 boiler horsepower during heats, 350 horse- 
_power may be safely counted on for a year’s average. 
The effect on open-hearth practice, as a rule, has been to 
materially reduce the time per heat. 

Another installation of a single boiler is as shown on 
Fig. 4. This boiler deserves particular reference on ac- 
count of the very high evaporation from a relatively 
small furnace of 30 tons rated capacity. It was found 
advantageous to locate the boilers entirely outside the 
open-hearth building, whereas in all installations else- 
where the boilers had been put under the open-hearth 
building between the stacks, where the construction cost 
was necessarily considerably higher, due to obstructions 
and alterations. So encouraging has been the performance 
of this boiler that steps are being taken to equip the 
remaining furnaces of the plant in a similar manner. 
The boiler is the B. & W. cross-drum type, having 2,605 
square feet of heating surface in 162 four-inch tubes, 
divided into three vertical passes so that the gases pass 
transversely across the approximately horizontal tubes, 
a condition favorable to a high rate of heat transmission. 

The following test of 120 hours’ duration is repre- 
sentative of average conditions while making steel: 
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BGO EODOMON, sscceloda Vu'us wa.8 Cw ca cy oo palbaulea ke, 200.2 boiler horsepower 
RAMMED RR RIES gan a yd Se ae pla ra ss vy coh asd dosen 115.4 pounds gauge 
dS OPE EMUE aT ing an, Sn 0G ¢ Swiertne oy aoeke as cw ore eee 49.6 degrees F. 
PDICE GAS CEMIPETALOLG . oe. cgi tee Pe cnn toes vers cane sly LOO degrees F. 
GutlonrasmbeniporaLuraeer asm: eo retc.. adn sce es es ee cee: 479.0 degrees F. 
Weimihiotesaserebo sbOUGrs «28 set esis cas le 1 de os 41,470 pounds per hour 
Heat absorbed by boiler per hour................seceee0% 6,700,000 B.t.u. 
Heat absorbed by boiler per ton ingots................... 2,220,000 B.t.u. 
Dra eOssalOW ot MOONET Er pe teisn ses cia Sams 48 22 wee es « 1.92 inches water 
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Fig. 4. 


Although this test shows 200 boiler horsepower, a fair 
estimate of the average output over long periods is 170 
to 175 horsepower without deducting the steam required 
for driving the fan engine, which in this instance is a 
considerable amount, since there is no means of recover- 
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ing the heat in the exhaust. In this case, as in others, 
there was an apparent reduction in the time required per 
heat. In addition to the boilers above described, several 
other installations have been made in various large 
plants. 

With this above brief account of progress in some of 
the representative installations, it is opportune to draw 
some conclusions from the economical performance of 
present boilers, to outline the possibilities, discuss the 
operating difficulties, and direct attention to the avenues 
leading to further progress in design and operation. 


SavINGs. 


Experience with existing boilers has shown that the 
heat recovered is about 22 per cent of the heat in the 
coal charged to the producers, or about 1,600,000 to 
2,200,000 B.t.u. per ton of ingots. In terms of coal con- 
taining about 11,000 B.t.u., this is equivalent to an 
average of 180 pounds per ton of ingots. It must be 
remembered, however, that this heat is in the form of 
steam which, if generated in coal-fired boilers at 60 to 70 
per cent. efficiency, would require 250 to 300 pounds of 
coal. Other approximate statements of the saving are: 


1,600 to 2,000 pounds steam per ton of ingots. 

50 to 65 boiler horsepower hours per ton of ingots. 

65 to 90 boiler horsepower hours per 1,000 pounds of 
coal charged in gas producers. 


If the open-hearth fuel were natural gas, the boilers 
would generate about 85 per cent. as much steam as with 
coal, due to less weight of products of combustion. Pitts- 
burg coal gives about 25 per cent. more waste gases per 
pound than Illinois coal, but on account of less coal con- 
sumed per ton of ingots only slightly more steam would 
be generated. 

While the results of tests given in the above descrip- 
tion of boiler installations show the output in terms of 
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‘*Boiler horsepower during heats,’’ the average output 
over long periods, including average delays, Sundays, etc., 
appears to be from 80 to 85 per cent. of the test results. 

In regard to the effect of boilers on the production of 
steel, it may be said that when the furnace is new the time 
required per heat does not appear to be affected to any 
marked extent, but as the furnace becomes old and the . 
checkers fill up, the influence of the boilers becomes more 
evident, due to better and more uniform draft from the 
fans that draw the gases through the boilers. 


OPERATING DIFFICULTIES. 


Air leakage through the brick settings of water-tube 
boilers is the source of appreciable loss in efficiency, and 
the most attentive efforts to keeping the settings tight by 
pointing the brickwork and application of various paints 
and cements have not been entirely successful. Reports 
from all the existing installations speak emphatically on 
this point, and although in some instances excessive 
leakage has been temporarily overcome, nevertheless the 
liability of explosions in the flues, boilers and flues leading 
thereto demands constant attention, since the explosions 
loosen the brickwork of the boiler settings, not only 
increasing the air leakage, but incurring a high expense 
for repairs. These explosions are characteristic of open- 
hearth operation, being due to the escape of producer 
gas into the flues during the reversal of the gas valves, 
but may be somewhat reduced by close attention to 
manner of reversing. 

The dust coming from the open-hearth furnaces and 
checker chambers is in an exceedingly fine and adherent 
eondition and packs closely onto the boiler tubes, as well 
as on baffles and projections. There appears to be no 
means of preventing the dust entering the boilers, con- 
sequently the only remedy so far applied is frequent 
blowing with steam by portable and permanent soot- 
blowers. As a rule, blowing at intervals of six hours 
has been found sufficient, if the operation be thoroughly 
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performed, but after the dust has been allowed to remain 
it has a tendency to form a scale which is more difficult 
to dislodge than the freshly deposited dust. In addition 
to blowing the tube surface while the boilers are operat- 
ing, the practice is to give them as thorough a sweeping 
as possible when out of service. 


Cost oF INSTALLATION, 


The cost of installation is about 25 per cent. higher 
than for ordinary coal-fired boilers, in spite of the 
elimination of coal and ash handling equipment, stokers, 
etc., and this is due to the abnormal expense of construc- 
tion work performed on isolated waste-heat units in 
cramped quarters, changes to buildings, underground 
flues and foundations, and to the necessity of applying 
large steam or motor driven fans. Some waste-heat 
boiler installations are being built during the construe- 
tion of new open-hearth plants, and therefore should 
show a considerably reduced cost. 


Wercut or Waste Gas To Borer. 


The weight of gases from open-hearth and other 
furnaces is very difficult to determine. Accurate direct 
measurement is out of the question, due to lack of suitable 
conditions for use of meters. The weights mentioned 
above in the test results were calculated on the basis that 
total heat absorbed in the boilers required a certain 
amount of gas to be cooled between the initial and final 
temperatures. Radiation from the setting is small and 
not considered. This method is subject to serious error, 
due to uncertainty as to the specific heat of gases at these 
temperatures, and more particularly to the difficulty of 
obtaining representative temperature readings and gas 
analyses used in determining the amount of air leakage. 
Determining the weight of gas from the combustion of 
the fuel and elements in the charge would be a better 
inethod if the rate of fuel consumption during tests were 
accurately known, but this method also is affected by the 
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accuracy of gas sampling. On account of this uncer- 
tainty, ample allowances should be made in the design 
of boilers, flues and fans. Air leakage has a serious effect 
on boiler output and fan work and should be eliminated 
by air-tight steel casings around the boiler settings when 
the water-tube boilers are used. 

Fig. 5, giving the boiler horsepower available from 
waste gases, may be found useful in making quick 
determinations of amount of heat recoverable as steam. 


CHART SHOWING DROP IN TEMPERATURE OF GAS PASSING , THROUGH BOILER 
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Fig. 6. 


Although intended for Illinois lump coal the diagram may 
be used for Pittsburg run-of-mine by adding 25 per cent. 
to the results. If the open- -hearth charge is about 65 per 
cent. pig iron, a further increase of 17 per cent. should 
be allowed for the additional gases formed by combus- 
tion of elements in the charge. Fig. 6 is reproduced 
herewith as it correlates many of the factors upon which 
depends the design of waste-heat boilers. 
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Heat TRANSMISSION AND Borter DEsIGn. 


The subject of heat transmission, although indis- 
pensable for the proportioning of boilers to perform the 
maximum economy under given conditions, is hardly 
within the scope of this paper, but the following general 
statements are not out of place: The rate of heat transfer, 
expressed in terms of ‘‘B.t.u. per hour, per square foot 
of heating surface, per degree mean temperature differ- 
ence between gas and steam,’’ usually ranges between 
- five and eight for boilers and somewhat less for super- . 
heaters and economizers. The fact that the size of boiler 
is inversely proportional to the rate of heat transfer is 
evidence of the importance of this subject. A consider- 
able amount of empirical data applying to various com- 
mercial types of boilers has been collected, and in future 
installations it is hoped that steps will be taken to make 
further investigations. Theoretical formule and results 
of laboratory experiments are, as a rule, inapplicable in 
this work. The most essential factors conducive to high 
rates are clean surfaces and high gas velocity, the latter 
involving the direction of flow relative to the tubes. With 
water-tube boilers a good arrangement is to have the 
tubes in an approximately horizontal position with several 
vertical baffles, thereby enforcing the gases to impinge 
at high velocity against the tubes. However, in some 
cases it may be found more advisable that other con- 
siderations, such as the proportions of the available space, 
provisions for keeping the boiler clean, friction loss in 
the gas flow, etc., be given precedence in the design. 

While the rate of heat transmission in fire tubes is not 
as great as in water tubes of the same diameter and at the 
same gas velocity, yet it is possible that the advantages 
to be expected from fire-tube boilers especially designed 
for waste-heat purposes may offset the loss in heat trans- 
fer. Among the points in favor of such boilers are 
simplicity, absence of air leakage, resistance to gas 
explosions and relatively low cost for the same capacity. 


202 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


In order to maintain the maximum economy with any 
type of boiler it is absolutely essential that the heating 
surface be kept clean in the full sense of the word. This 
is one of the most troublesome operating problems, and, 
while frequent use of permanent and hand soot-blowers is 
fairly efficient, the design of the boiler should be such 
as to prevent as far as possible the lodgment of dust and 
to facilitate rapid and easy cleaning while in as well as 
out of operation. With the advent of pulverized coal for 
various heating operations, the subject of maintaining a 
clean boiler becomes of even greater importance, due to 
the large quantity of ash. |. 

In deciding on the type and location of the boiler it is 
desirable that the parts requiring frequent attention of 
the operator be above the charging floor, or where work- 
ing conditions, such as ventilation, light and cleanliness, 
are better than under the charging floor. In many cases 
this desideratum eliminates all but the vertical type of 
boiler. 


Poss!BiLities oF FurTHER SavINGs. 


While the savings herein pointed out represent a 
marked economy in open-hearth practice, still there is 
opportunity for improvement in new installations by 
means of larger boilers and more attention to reducing 
the heat losses resulting from air leakage and radiation 
in the regenerative chambers, valves and flues. 

In the table some figures are given showing what 
proportion of the heat delivered to the furnace may be 
utilized in a waste-heat boiler. This is based on reducing 
the gas temperature from 1,200 degrees at the inlet to 
500 degrees at the outlet, and is the minimum perform- 
ance that should be striven for. Although present boilers 
are showing very creditable savings, the outlet tempera- 
tures, neglecting the cooling effect of air leakage, are 600 
degrees or higher, but the majority of these boilers are 
so situated that larger boilers could not be readily used. 

Wherever space permits, the aim should be to reduce 
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HEAT BALANCE OF OPEN-HEARTH FURNACE. 


Percent. Percent. Per cent. 
B.t.u. Bt.u.per ofheatin ofheatin of heat to 


per hour. ton ingots. coal. fuel gas. furnace. 

Coal to gas producers 52,500,000 7,000,000 100.0 
Producer loss...... 8,620,000 1,150,000 16.4 
Heat delivered to furnace. 
Gas from producers 43,890,000 5,850,000 83.6 100.0 
Combustion of C, Si 

and Mn in charge 9,370,000 1,250,000 17.8 21.4 
Sensible heat of hot 

rit SE en ey ae 3,450,000 460,000 6.6 7.9 


Total heat to fur- 
nace except re- 
generated gas 
Ps OP: eae ec 56,710,000- 7,560,000 108.0 129.3 100.0 


Distribution of heat. 
Consumed in furnace 


and losses....... 31,450,000 4,192,000 59.9 71.8 Bie) 
Utilized in boiler.. 15,510,000 2,068,000 29.5 35.3 27.3 
Wasted to stack at ; 
Pan Be Ns ois eine! ape 9,750,000 1,300,000 18.6 22.2 17.2 
Totalie ase .% 56,710,000 7,560,000 108.0 129.3 100.0. 


These results are based on the following empirical data: 


Size of heats, 75 tons. 

Time per heat, 10 hours. 

Hot metal in charge, 64 per cent. 

Ratio, product to charge, 88 per cent. - 

Fuel consumption, 4,875 pounds per hour, or 650 pounds per ton. 
Heat value of coal, 10,700 B.t.u. per pound. 

Weight waste gases at boiler, 81,400 pounds per hour. 

CO, in waste gases at boiler, 12 per cent. 

Temperature waste gases at boiler inlet, 1,200 degrees F. 
Temperature waste gases to stack, 500 degrees F. 

Performance of boiler under above conditions, 460 boiler horsepower. 


the temperature even as low as 400 degrees, where would 
be realized the maximum net saving per ton of steel, 
although not necessarily the maximum return on the in- 
vestment. The size of boiler required for reducing the 
temperature from 1,200 to 400 degrees is two and one- 
half times the size for reducing to 600 degrees, yet at not 
a proportionately greater investment. 

The initial gas temperature also demands further 
attention. Whereas now the average is not over 1,150 
degrees for open-hearth furnaces in general, there is n0 
question that it can be increased to at least 1,400 degrees. 
One source of loss is the practice of water-cooling the 
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gas and air valves. Although not detrimental in ordinary 
open-hearth practice, this results in a considerable loss 
-when the recovery of waste heat is attempted. The heat 
thus lost may be recovered either by utilizing the cooling 
water for feeding the boiler or by substitution of brick- 
lined gas valves, thereby giving the waste gases a higher 
temperature on entering the boiler. 

The recovery of heat in the waste gases from regenera- 
tive soaking pits and heating furnaces presents additional 
encouraging possibilities, but as a primary consideration, 
means must be adopted for greatly reducing the heat 
losses and excessive air leakage which appears to be 
characteristic of these types of furhaces. Even if the 
gas temperature be considerably lower than in open- 
hearth practice, boilers will be found a paying invest- 
ment; and heat recovery, by this means, does not cease to 
be economical until the temperature, at the boiler inlet, 
is as low as 700 degrees. 


Presmpent Gary: We will now have a discussion of 
Mr. Bacon’s paper under the five minute rule by Mr. Roy 
A. Lewis, Assistant General Superintendent of Bethle- 
hem Steel Company, and by Mr. David 8S. Jacobus, Ad- 
visory Engineer of the Babcock and Wilcox Company, 
after which the paper will be open for further discussion 
under the five minute rule. 

After the general discussion of Mr. Bacon’s paper 
shall have been completed, Mr. Daniel M. Buck, Metal- 
lurgical Engineer of the American Sheet and Tin Plate 
Company, will read a paper on Recent Progress in Corro- 
sion Resistance. To save time I shall ask each gentleman 
to come forward in their sequence without further in- 
troduction. 
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WASTE-HEAT BOILERS FOR OPEN-HEARTH 
FURNACES 


Discussion By Roy A. Lewis 


Assistant General Superintendent, Bethlehem Steel Company, 
South Bethlehem, Pa. 


Mr. Bacon’s paper brings to general attention the 
_ saving that can be effected by the use of waste-heat boilers 
in connection with open-hearth furnaces. He was the 
first to point out the advantages of this scheme, and pro- 
vided the first practical data from which installations 
could be planned, The Bethlehem Steel Company recog- 
nized two years ago the opportunity this offered, and 
placed an order for waste-heat boilers of the Babcock & 
Wilcox Cross Drum type. 

The boilers are set on the charging floor, the structural 
steel supports of the floor being re-enforced to carry the 
boiler and the brick setting. A vertical flue leads upward 
from the gas passages directly into the boiler setting. 
The induced draught fan also is placed on the charging 
floor and is driven by a motor. The arrangement is shown 
on Figure 1. This location has proven to be a very 
desirable one. The arrangement of the fan, however, 
could be improved by a more direct breeching connection 
between the fan and boiler. The first boiler in commis- 
sion was tested continuously day and night during a 
period of some four weeks, and, all told, complete test 
data representing 28 heats was obtained. Later a similar 
set of tests was run on one of the other boilers. The 
results of these tests combined into runs during which all 
- data was taken continuously is given in table 2. 


Arr LEAKAGE. 


Particular attention was paid to air leakage into the 
setting. Consistent samples of the gas for analysis enter- 
ing the setting could be obtained, due to the comparatively 
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long vertical flue leading to the boiler, and also the gas 
leaving the boiler could be determined fairly accurately. 
The weight of gas entering the boiler was calculated by 
the method described in Mr. Bacon’s paper, from the heat 
absorbed by the boiler, and a corection was made for 
leakage. The weight of gas was also determined from the 
gas analysis, and the total amount of carbon in the gases. 
The total amount of carbon was obtained from the weight 
of coal charged to the producers, and the weight of the 
limestone and hot metal in the furnace charge. These 
weights were taken continuously on all tests of the boiler 
connected with No. 29 furnace. The check between the 
weights obtained in these two entirely dissimilar ways 
was very close. It would appear that the air leakage 
varies between 10 and 30 per cent. When all openings 
around doors, door frames, buckstays, smoke connections, 
etc., are plugged with asbestos, and the setting painted 
over with tar paint, the leakage could be kept down to 10 
per cent. No precautions being taken to stop any leaks, 
the leakage would be around 30 per cent. Very little of 
the air leakage seems to come through the brickwork 
proper, as painting the setting reduced the leakage little, 
if any. The air comes in principally through the joints 
between brickwork and metal. Covering the face of the 
walls, therefore, with a sheet-metal casing would not 
necessarily diminish the leakage. Part of the leakage 
measured came in at the rear of the boiler, after the gases 
had passed over the heating surfaces, and, therefore, did 
not affect the steaming capacity, but the analysis taken 
throughout the setting would indicate that there was a 
general leakage from the beginning to the end of the 
path of the gases. 

Determining the weight of the gas passing through a 
fan is usually a very difficult matter, but, in this instance, 
the weights were apparently fairly accurate. The fan 
was driven by an electric motor, and the power used could 
be measured. It was of the steel plate type, having a 
wheel 6 feet 6 inches in diameter, in a casing ordinarily 
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used with a 6-foot wheel. It would appear that the effi- 
ciency was between 55 and 60 per cent., the effective work 
being taken as the volume of the gas times the difference 
in pressure between the inlet and outlet of the fan, when 
both are expressed in the proper units and no allowance 
made for electrical losses. This was a better efficiency 
than was anticipated, but I believe is not as high as would 
be obtained from a still larger fan, driven at a slower 
speed. The saving effected in operating the fan is, of 
course, just as much value as an increased heat absorp- 
tion in the boiler. 

Keeping the heating surface of these waste-heat 
boilers free from dust is very important, as Mr. Bacon 
has pointed out. In the tests on the boiler on No. 29 
furnace, the dusting was done by hand. An ordinary 
steam lance was used, and the boiler was gone over about 
once every eight hours. In the test on the boiler con- 
nected with No. 26 furnace, permanent dusting pipes were 
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installed in the setting, but in this particular case the 
results were not satisfactory. 
SUMMARY OF THE RESULTS OF THE TxEST OF WAsTE-HEAT BoILeRs CoNn- 


NECTED WITH OPEN-HEARTH FURNACES AT THE SAUCON PLANT 
OF THE BETHLEHEM STEEL COMPANY. 


Furnace number........ 29 29 29 26 26 
Duration of test, hrs.... 121:10 50:00 159:00 143:00 69:15 
Number of heats taken 

OUTING PLOSts scers eta gion ts ai 4 13 14 6 
Average weight of ingots 

per heat, tons.........% 78.3 81.4 83.6 83.9 80.3 
Output of boiler and 

superheater, BHP..... 392.6 367.4 425.8 332.2 343.1 
Steam pressure, lbs. per 

SU ll a totes tsin eas 145 144 139 145 147 
Superheat, degrees F.... 106 106 121 125 107 
Inlet gas temperature, 

deproaes: Bees 03 vas 1,328 1,253 1,362 1,180 1,192 
Outlet gas temperature, 

GOPTCOS TE oa a cseiser rarer 489 482 493 534 507 
Weight of gases entering 

boiler, Ibs. per hr..... 70,092 © 68,954 75,271 75,320 75,383 
Draught loss through 

boiler, in. of water.... 1.73 1.88 1.74 1.74 1.98 
Effective draught by fan 3.47 3.57 2.80 2.99 3.10 
Electrical H. P. required 

tordrive'fance ies os 38.1 39.6 32.1 29.6 35.2 
Boiler H. P. charged to 

HEN Begin micnetrin rset Sesion 28.9 30.0 24.3 22.4 26.7 
Net output of boiler and 

superheater, H. P..... 363.7 337.4 401.5 309.8 316.4 


Nore: Boiler, B. & W. Cross Drum; 16 sections wide; 17 tubes high; 
5,232 sq. ft. of heating surface, 


Resutts OBTAINED. 


The credit given to the open-hearth plant for the steam 
furnished is such that if the plant is kept in operation 
continuously, the cost of the installation would be paid 
for in Jess than two years’ time. Where the gas tempera- 
tures are higher, the investment is, of course, better. 

The operation of the furnaces on which waste- 
heat boilers have been used has been very carefully 
watched. The control of the draught given by the fan, 
which is driven by a variable-speed motor, has been bene- 
ficial, and the production has been somewhat increased, 
especially as the furnaces become old and congested, 
(Applause. ) 
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WASTE-HEAT BOILERS 


Discussion By Davin S. Jacospus 


Advisory Engineer, The Babcock and Wilcox Company, 
New York City. 


Mr. Bacon and his associates at South Chicago deserve 
great credit in being the pioneers in applying waste-heat 
boilers to open-hearth furnaces. Utilizing waste heat in 
. a boiler is, of course, an old idea, and it might seem a 
simple step in such a case to attach a waste-heat boiler, 
but the man who does a thing of the sort first and runs 
the risk of failing and being told, ‘‘I told you so,’’ de- 
serves ever so much credit, especially where any inter- 
ference with the operating conditions would count as 
much against the plant as it would in an open-hearth 
furnace. 

It was my privilege to be associated with Mr. Bacon 
in the early stages of his work. This resulted in the Bab- 
cock & Wilcox Company making a careful study with a 
view of determining the best way of applying boilers to 
the particular class of service. And right here I might 
say that the investigation resulted in a radical change in 
our waste-heat practice. 

The first boilers we put in at South Chicago were 
Stirling boilers with special baffles, this type of boiler 
being used to meet space limitations. Before installing 
these boilers we made figures galore, and predicted what 
capacity would be developed, and our investigations made 
us feel safe in using heat transfer rates higher than we 
felt warranted in using in our old waste-heat practice. 
The capacity of the boilers came out just about as we 
figured it, which was a source of much satisfaction. Mr. 
Bacon has also mentioned another source of satisfaction, 
which was that the capacity of the open-hearth furnaces 
was increased, so that instead of the boilers interfering 
with the operation of the furnaces there was a gain, 
especially when the checkerwork became dirty. 
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Mr. Bacon was also in touch with the next installation 
where Rust boilers, which have vertical tubes, were used. 
The Rust boilers were carefully tested, and, as shown in 
the paper, were found to give good results. 

We finally installed Babcock & Wilcox boilers, in which 
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the tubes are more nearly horizontal than in the Stirling 
or Rust boilers, and found, as pointed out in the paper, — 
that we obtained a greater capacity per square foot of 
heating surface with a lesser draft resistance, which 
bears out the conclusion that this type of boiler is the 
best form of water-tube boiler for the purpose. The 
latter boiler can be made any width and any height, with - 
the result that one can obtain any desired length of travel 
of the gases and can make the velocity of the gas such as 
to best meet the conditions involved. 

We have built many waste-heat Babcock & Wilcox 
boilers in accordance with our new ideas, some of which 
are used for other work than for open-hearth furnaces. 
In one ease the boilers are run slightly below 200 per 
cent. of their rating, that is, with an evaporation of about 
6 pounds per hour per square foot of heating surface, 
and each boiler is generating about 2,000 horsepower with 
the waste gases leaving the boilers at a temperature of 
less than 450 degrees F. The art has developed to a 
state where the utilization of waste heat by our newer 
methods is a large movement, and the beginning of this 
movement was in South Chicago, where the first experi- 
ments were made. 

A chart is added herewith, at Mr. Bacon’s request, 
which gives the approximate rate of heat transfer of 
fire-tube and water-tube boilers. This is shown in Fig. 1, 
in which the ordinates are the heat transfer rates and the 
abscissa the weight of gas per square foot of gas passage 
area flowing through the boilers per hour. The law is 
not shown completely in Fig. 1 as the rate of heat transfer 
will vary with the mean temperature difference between 
the gas and the boiler. The conditions selected are such 
as most nearly meet ordinary open-hearth furnace waste- 
heat practice. 

The Babeock & Wilcox Company has recently com- 
pleted an extended series of elaborate tests to determine 
the rate of heat transfer, the results of which will shortly 


be published. (Applause. ) 


RECENT PROGRESS IN CORROSION 
RESISTANCE 


DantEL M. Buck ~ 


Metallurgical Engineer, American Sheet and Tin Plate Company, 
Pittsburgh, Pa. 


As materials of construction, steel and iron stand 
preeminent today. This enviable position is a natural 
result obtaining from the prevalence in nature of the raw 
materials necessary to their manufacture, to the com- 
parative ease and low cost of conversion, to the valuable 
properties inherent in the finished products, and to the 
fact that the physical properties may be changed almost 
at will to meet the largely diversified requirements of the 
consumers. 

Hardness, strength and elasticity may be varied by 
the introduction of carbon. Machining operations may 
be greatly benefited by the introduction of sulphur in 
reasonable amounts; by silicon additions, electric prop- 
erties are improved; and the ductility is increased by the 
introduction of copper. By judicious alloying with nickel, 
chromium, tungsten, molybdenum, manganese, ete., are 
obtained the wonderful projectile-resisting armor plate, 
the valuable high-speed steels which retain their temper 
under severe conditions, and the extremely hard man- 
ganese steel which is so useful in abrasion resistance. 
By varying the forming and heat treatment operations, 
the properties may be further modified and governed, 
and this wonderful metal ‘‘steel’’? made to serve man’s 
ends. 

But there is one property which steel and iron do not 
possess—that of stability when exposed to the action of 
air and water. 


In an effort to combat this tendency of iron to return 
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to its original (oxide) form, much serious thought has 
been given by metallurgists and students of corrosion 
problems. We believe that all are agreed that the ideal 
condition is to so protect the surface of the ferrous 
materials as to permanently exclude the corrosive 
elements. To attain this Utopian condition, protective 
coatings of various types are used. 


Prorecrive Coatinas. 


1—Oxidizing the materials, thus covering the surface 
with a more or less uniform and adherent coating of 
electronegative oxide of iron, which is an efficient pro- 
tector only so long as it remains intact. Any coating 
electro-negative to the base material, if broken or re- 
moved at any point, becomes an accelerator of corrosion 
at that point when exposed to corrosive influences. This 
is due to electrolysis between the electro-negative coating 
and the electro-positive steel or iron. The reverse is 
true when considering a coating electro-positive to iron, 
in which case the coating will protect to a considerable 
extent at its own expense, even though slightly fractured 
or scratched. 

There are many processes by which these oxide coat- 
ings may be produced, but lack of time forbids a detailed 
discussion at this time. In the writer’s opinion the 
remarkable life of some of the ancient specimens of iron 
has been due to such an enamel-like film of oxide, neces- 
sarily produced by the crude manufacturing processes of 
our forebears. 

2Coating with other metals, such as zine, tin, lead, 
copper, nickel, aluminum, ete. Of these zinc, and to a 
lesser degree aluminum, are probably the most important, 
since they are the only ones which are electro-positive to 
iron, thus affording, in addition to their excluding power, 
an electro-chemical protection in the manner mentioned 
above. This property under most conditions, in our 
opinion, outweighs the somewhat lower solution pres- 
sures of the metals which are electro-negative to iron. 
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3—Covering the surfaces with a paint-film consisting 
of pigments intimately mixed with some vehicle, usually 
linseed or other suitable oil. 

Careful attention should be given to the designing of 
a proper paint, since it is believed that some pigments 
are actual accelerators of corrosion, while others range 
themselves in the inhibitive class. 

4—Additional resistance to corrosion is obtained by 
certain mechanical treatments during the rolling opera- 
tions. The most important of these is probably the 
Spellerizing operation, which, when applied to pipe and 
tubing, has given satisfactory results. , 

Inasmuch as no absolutely rust-proof steel or iron 
has ever been devised, the writer recommends that, 
wherever possible, construction materials which are to be 
exposed to corrosive influences be protected by a metallic 
coating, a suitable paint, or both. There are, however, 
conditions when such a protection is either not possible 
or not desirable, and it is also true that film coatings, on 
account of their liability to be removed by accident and 
abrasion, and by the action of the weather, are only a 
more or less temporary protection. Consequently, much 
thought has been given to the possibility of producing a 
steel or iron which in itself possesses corrosion-resisting 
properties. 


DIFFERENCES OF OPINION. 


After years of research, investigation and practical 
experience, there is unfortunately at the present time not 
a complete unanimity of opinion on this subject. This 
difference of opinion is the result of several causes, 
some of which are avoidable: 

An undue adherence to theory without practical 
demonstration of the value of the theory; 

An undue and reprehensible adherence to a particular 
class of product with which the investigator may be 
interested financially or otherwise; 

Placing too much confidence in accelerated tests ; 
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Losing sight of the fact that under the best practices 
heats below the average are manufactured in all classes 
of products, and the consequent drawing of conclusions 
from comparing a good heat of one type with a poor heat 
of another type; 

Drawing general conclusion from results obtained 
under peculiar conditions, which may or may not be in 
any way representative. 

The adherents of the different schools are divided into 
four main classes as follows: 

First—Those who believe in genuine iron, the product 
of the puddling furnace; 

Second—Those who believe in normal mild steels, the 
product of the open hearth and Bessemer furnaces; 

Third—Those who believe in so-called pure irons, the 
product of the open hearth furnace, in which the carbon 
and manganese are reduced to a minimum, and to which 
copper may or may not be added; 

Fourth—Those who believe in normal open hearth and 
Bessemer steels with which has been alloyed a small 
amount of pure copper. Attempts have also been made 
to use nickel as the alloying element. 


Copper ALLOY STEELS. 


The writer, after many years of careful study and 
investigation, is one of. the firm believers in the fourth 
type mentioned—copper alloy steels. Our investigations 
have dealt principally with the exposure and observation 
of full-sized sheets, unprotected in any way, under service 
conditions. Many different heats have been used in our 
work, thus eliminating the chance of accidental results. 
The majority of our tests have been made under 
atmospheric influences. We realize that it is impracticable 
to make tests under all of the many varying conditions, 
and believe that atmospheric corrosion is the most im- 
portant, especially when considering structural materia] 
in general and sheets and plates in particular. 

We will briefly review some of our earlier work on 
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this subject, a part of which has already been published. 

About five years ago, in testing the corrosion resist- 
ance properties of sheets made from electric furnace 
steel, it was noticed that one heat of steel which contained 
about .07 per cent. copper was markedly superior to the 
others in its resistance to corrosion. Some further work 
Indicated that the results obtained were not accidental, 
and that the copper was probably the controlling factor. 
To remove the last element of doubt, several heats of both 
Bessemer and open hearth steel were used and copper 
added in varying amounts to some of the ingots as they 
were poured, while to other ingots of the same heat no 
additions were made. Careful surveys of both the bars 
and sheets rolled from these ingots proved that the 
diffusion of the copper under these conditions was prac- 
tically perfect. These ingots were rolled into 16-gauge 
and 27-gauge sheets and exposed to the atmosphere in 
the Pennsylvania coke regions, at Atlantic City, N. J if 
and along the Allegheny River above Kittanning, Pa., 
thus obtaining widely varying conditions of atmosphere. 


Tests aND THEIR ReEsutts. 


A partial report of the results of these tests was made 
by the writer in a paper before the American Chemical 
Society, in March, 1913. For the present purpose we will 
briefly refer to a photograph (Fig. 1) of one of the 
first tests made in the coke region. This shows 27-gauge 
sheets after about seven months’ exposure. As will be 
seen, certain of the panels, those to which copper was 
not added, had started to fail. 

Fig. 2 is a photograph of the same roof after about 
one year’s exposure. The steel without copper had en. 
tirely corroded away, while the copper-bearing sheets 
from the same heats were in excellent condition. 

Table 1 gives the analyses of the various grades of 
steels in the test and their relative values in corrosion 
resistance, as obtained by weight tests of small pieces 
cut from the large sheets shown in the photographs. 
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TABLE 1, SHOWING RELATIVE LOSSES ON 2x4 IN. TEST PIECES. 
Exposed in coke regions November 21, 1911, and taken down August 14, 1912. 
Hach result is the average of six pieces. 


(Mill scale was removed from all samples before exposure, and all were cleaned with 
ammonium citrate solution before final weight.) 


Relative 

Analysis Losses, 

Grade Panel Ga. -Position 100 Equals 

Carb. Mang. Sul. Phos. Copper Greatest 

: Corrosion 

ee SS ee ee eee ae eee 

BESSOMEP |. nioeces occas 8 2t=—.05 44 -082 101 23 1 39.09 
Bessemer ... 9 27.05 44 -075 099 34 2 39.61 
Bessemer ... 9 16. 07 46 -069 .095 33 3 41.57 
Open Hearth. ........ 5 2810 46 -0385 043 daly 4 42.09 
Open Hearth.......... La 20 .0F 47 -0388  .048 25 5 42.22 
Open Hearth. ccs. es 3 27 ~—««.06 33 -085 =.018 «25 6 43.27 
Open. Hearths so... <. 2 27 _ .06 35 -036 .018 16 We 43.92 
Bessemer i... ace. 0k 8 16.08 45 -070 .094 21 8 44.05 
Open; ~Hearths. -2 5.5.0 6 16) 2.14 46 -088  .043 -2T 9 46.67 
Qpen “Hearth®.....3 252 5 16.13 44 -0385 042 18 10 46.67 
Open. Hearth. .. 2.2. 53% 3 16 = ©.10 35 -033° 019 23 11 47.32 
Open» Heéarth...:.:.... 2 16 =.10 .34 -0385 .020 16 12 48.36 


Low Carbon and Low 
Manganese Material 10 27 =.02 -03 -0386 .003 07 13 50.19 
Low Carbon and Low : 


Manganese Material 10 16 =.03 03 -084 003 .06 14 53.20 
Open Hearthk 2 os .5s:. 4 16.13 45 .085 , .042 .00 15 74.64 
Open’ Hearth...i...0.2. 4 27.09 AT -087 048 -00 16 78.16 
oe Ee a a a SE Os a ad 
BesSsOMer 2.0/0. os.0s 00 te 7 16.08 46 .070 .098 - .00 17 91.64 
Bessemer - i065 oeeccaals ti 27 ~.05 45 -076 .100 .00 18 96.86 
Open Hearth.......... Ae 1G 210) 84 -084 - .019 -00 19 $8.82 
Open “Hearth: .. 2222) 7 1 -27-~ .06 35 033 . .018 -00 20 100.00 


Fig. 3 is a photograph of the 16-gauge sheets taken 
in February, 1915, after a little more than three years’ 
exposure. ‘T'wo of the plain steels have absolutely failed, 
while the third, Panel 4, which is rephosphorized basic 
open hearth, is in poor condition. The copper-bearing 
panels are, after three years’ exposure, nearly as good 
as when first installed, and, so far as we are able to 
determine by observation, have not changed in any way 
in the past two years. Similar results were obtained at 
the other two test stations. 3 

On March 4, 1913, a second series of sheets was ex- 
posed in the Pennsylvania coke regions, and Figs. 4 
and 5 are photographs taken after 10 and 16 months, 
respectively. The remarkable inhibitive power of the 
copper content is strikingly shown in the photographs. 

Panels D, E, V, Z and ZZ are copper-bearing steels. 
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Fig. 1. 


Fig. 2. 


; RECENT PROGRESS IN CORROSION RESISTANCE—BUCK 219 


220 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


Panels Y and YY are plain open hearth steels, without 
copper additions. 

Panel F is reworked muck iron. 

Panel I is genuine charcoal iron. 

Table 2 gives the analyses of the above-mentioned 
panels, and of the other grades H, O, W and J. It will 
be noted that the copper alloy steels have outlasted even 
the genuine iron sheets. 

The writer, collaborating with Mr. J. O. Handy, is at 
present conducting a corrosion test in two different locali- 
ties. In these tests are included 700 full-sized sheets of 
44 different characters of steel. This test should be 
completed in approximately six months from the present 
date and will no doubt give us some additional valuable 
information which will be made the basis of a subsequent 
paper. In this series we have included copper additions 
in amounts from approximately .04 to 2 per cent., and 
we have also made additions of sulphur, phosphorus, 
aluminum, silicon, mill scale and steel turnings. Although 
the sheets have been exposed only about ten months, and 
we have not yet completed our observations, we are 
already able to draw some interesting conclusions. 

Figs. 6, 7 and 8 show three sections of one of these 
test racks after about nine months’ exposure. Panels 15 
and 16 are from the same heat of Bessemer steel, which 
carried .14 per cent. residual sulphur. Panel 15 has 
25 per cent. copper, and Panel 16 .008 per cent. copper. 
Panels 17 and 18 are from another heat of Bessemer steel 
with .052 per cent. residual sulphur; Panel 17 being cop- 
per-bearing, ‘Panel 18 .004 per cent. copper. It will be 
noticed that, considering the plain steels, Panel 16 
(high sulphur) has corroded much faster than has Panel 
18 (normal sulphur) ; while it is interesting to note that 
there is no difference discernible between Panels 15 and 
17, both copper-bearing. Up to the present time the 
sheets with high copper content, up to 2 per cent., are not 
showing any better corrosion resistance than those con- 
taining only .25 per cent.; and, indeed, from present 
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Fig. 6. 
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indications the beneficial influence of the copper content 
is quite marked down to at least as low as .04 per cent. 
copper. Panel 8 has silicon added and is failing badly, 
as are also Panel 9 with aluminum addition, and Panel 
10 with a sulphur addition. As was expected, the addition 
of steel turnings to the molten steel has been of no benefit. 

From our work to date we are prepared to draw 
the following conclusions as to the influence of the 
varying metalloids in steel sheets when exposed to the 
atmosphere: 


Carbon. 


Although there has been no attempt made to de- 
termine directly the carbon influence, it seems that in the 
low ranges present (.02 to .14 per cent.) in mild open 
hearth and Bessemer steel, carbon has little influence. 
This is indicated by a study of the tables which we have 
given with this paper. 


Manganese. 


While the writer is aware that some metallurgists 
advance the theory that a content of manganese. is 
detrimental to steel in its corrosion resistance, we neither 
agree with the theories advanced nor have we observed 
the slightest evidence or proof that such claims are 
justified. Much the greater part of the manganese 
present in steel exists alloyed with the iron, in which form . 
we would not expect it to influence corrosion as far as the 
electrolytic theory is concerned, since two materials 
differing chemically or mechanically are required to start 
electrolysis, and these conditions are not obtained by 
simple alloying. Some of the manganese unites with 
sulphur, forming manganese sulphide, which exists in 
isolated patches and which is at best only a feeble con- 
ductor of electricity, and as such should stimulate corro- 
sion to only a slight extent, if at all. It is possible that 
these patches of manganese sulphide, when they occur 
at the surface of the steel, or as they become exposed by 
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Fig. 8. 


RECENT PROGRESS IN CORROSION RESISTANCE—BUCK 225) 


the wasting of the steel, become oxidized to sulphates, in 
which form the efficiency of the moisture as an electrolyte 
would be increased. This action, however, is due to the 
presence of sulphur and not to the presence of manganese. 
Sulphur in steel must exist in combination, and if there 
is not sufficient manganese present, it will unite with the 
iron, forming iron sulphide, in which form it will be at 
least as harmful as in the form of manganese sulphide. 
Tests made by Burgess and Aston indicate that man- 
ganese alone in steel rather lessens than hastens 
corrosion. 


Sulphur. 


We are convinced that, of all the metalloids commonly 
present in steel, sulphur, especially when present in 
abnormal amounts, is the most harmful from a corrosion 
standpoint. It exists as sulphides of manganese or iron, 
and our experiments show that in non-copper steels as 
the sulphur increases up to .18 per cent. corrosion is 
hastened. 


Phosphorus. 


Although it is undoubtedly true that by increasing the 
phosphorus content of steel the resistance to sulphuric 
acid is lowered, yet our work indicates that whatever 
slight influence it may have in atmospheric corrosion is 
rather beneficial than otherwise, especially when the 
phosphorus has been added to the steel. 


Silicon. 


Silicon in the small amounts normally present in open 
hearth and Bessemer steels is innocuous. However, ex- 
periments made by adding silicon in the amount of .15 
per cent. and .30 per cent. show that the corrosion rate is 
distinctly increased by silicon in these amounts. 


Copper. 


It is quite generally conceded if copper is properly 
added to molten steel to the amount of approximately 
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.25 per cent., the life of the steel under atmospheric con- 
ditions is greatly increased. While definite figures from 
actual losses on weighed test pieces indicate that this 
increased life is approximately 100 per cent., we are of 
the opinion that this figure is low. We have reached this . 
conclusion from observations of copper-bearing steels 
after several years’ exposure. It appears that the rate 
of corrosion of copper-bearing sheets lessens as the time 
of exposure increases, and that the loss during the first 
six months’ exposure is greater than during subsequent 
periods. 

Any unprotected iron or steel will develop a thin film 
of rust in a few minutes when exposed to moisture and 
oxygen. This oxide film is electro-negative to the under- 
lying metal and will stimulate further corrosion. More- 
over, the physical characteristics and texture of this 
rust film are very important factors in governing the 
rate of corrosion of the metal. The rust formed on 
copper-bearing steel is dark brown, closely adherent and 
smooth, and if it does not really act as a protector to the 
underlying metal it is at least much less an accelerator 
than is the rust on a normal steel or iron, which is a 
limonite red in color, rough, loose and spongy in char- 
acter. That the latter holds water to a greater extent is 
strikingly demonstrated by examining sheets which have 
been exposed for several months, both with and without 
copper, immediately after a rain. Copper-bearing sheets 
dry very quickly, while the loose, spongy rust on the sheets 
without copper holds the moisture for a considerable 
time, allowing corrosion to proceed for several hours 
after it has ceased on the copper alloy sheets. 

While the beneficial influence of copper in steel and 
iron is most marked under atmospheric conditions, 
investigations under soil, water and other natural con- 
ditions are indicating superiority under these latter 
influences as well. 
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Summary. 


To summarize conclusions from our work up to the 
present time: The influence on corrosion of carbon, man- 
ganese, phosphorus and silicon in the amounts normally 
present in properly made steels and irons is practically 
negligible. In a steel without copper, a high sulphur con- 
tent stimulates corrosion. A copper content of .25 per 
cent. materially increases the life of steel and iron, and 
the harmful effect of sulphur up to at least .14 per cent. is 
neutralized by .25 per cent. copper. More copper, up to 
2 per cent., gives little, if any, additional benefit. Lesser 
amounts than .25 per cent. have great influence in lower- 
ing the corrosion rate. A content of .15 per cent is in 
most cases quite as good as .25 per cent., and tests now 
under way prove that much lower amounts, down to as 
little as .04 per cent. and .06 per cent., while not giving 
the best results, are remarkably ee: to normal steels 
carrying only ihe usual traces of copper. 

Careful study is being made to determine definitely, 
if possible, the mechanism of the reactions which take 
place by alloying copper with steel and iron, and which 
will explain the remarkable beneficial influence of the 
copper content. We hope that this information will be 
available for a subsequent paper. (Applause.) 


Presipent Gary: Mr. Buck’s paper will now be dis- 
cussed by Dr. Allerton 8. Cushman, President of the In- 
stitute of Industrial Research, Washington, D. C. In the 
ease of Dr. Cushman the five-minute rule does not apply. 
Dr. Cushman is to have all the time he desires. 
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Discusston By ALLERTON. 8S, CUSHMAN 
President Institute of Industrial Research, Washington, D. C. 


I wish to make a few remarks by way of preface to my 
written discussion of Mr. Buck’s paper. Everything that 
I shall say is offered simply as a discussion of a metal- 
lurgical point of great interest, about which it seems to 
me there is room for an honest difference of opinion. 
Metallurgy, I am sure you will all agree, is one of the 
most complex of all the arts that have been practiced by 
mankind since his emergence from the Stone Age. Such 
a sweeping conclusion as has been arrived at by Mr. Buck 
and his collaborators, if proved true, will have a most 
profound influence upon the future of the iron and steel 
industry. The growing demand for rust-resistant metals, 
if copper is indeed to be the cure-all, will result in the 
product of the open hearth furnace becoming infected 
with copper. Once copper finds its way into commercial 
serap, it can never be eliminated again by any known 
metallurgical method; the manufacture of pure iron will 
become a matter of increasing difficulty as the years go 
by. Those of us who believe in purity as the standard 
of excellence will find it increasingly difficult to reach this 
standard. 

I have ventured to take vigorous exception to the 
findings and conclusions of Mr. Buck and his collabora- 
tors, but I wish emphatically to state that nothing I shall 
say has the slightest personal feeling in it. I, for one, 
can differ with colleagues with respect to metallurgical 
problems without losing personal respect for those with 
whom I am not in agreement. I believe Mr. Buck and 
his associates to be really convinced that they are in the 
right, and, therefore, even if they are mistaken, they must 
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be credited with honestly endeavoring to make a contri- 
bution to modern metallurgical art. 

Mr. Buck’s paper has presented to you one side of a 
controversy which has been going on in this country fora 
number of years. Mr. Buck states his opinion that it is 
unfortunate there should be any difference of opinion on 
these questions; that there has been an undue adherence 
to theory without practical demonstration of the value 
of the theory; that there has been a reprehensible adher- 
ence to a particular class of product with which the 
investigator may be interested financially or otherwise; 
that too much confidence has been placed in Reecloraicd 
tests; that the fact has been lost sight of that, even under 
the a practice, heats below the average are manufac- 
tured in all classes of products, with the consequent 
danger of drawing conclusions from comparing a good 
heat of one type with a poor heat of another; that it has 
been customary to draw conclusions from results ob- 
tained under peculiar conditions which may or may not 
be representative. 

With some of these statements I am in complete 
accord, but I do not agree that it is unfortunate that 
these important questions should be debated and that all 
parties at interest should have a right to analyze and 
discuss conclusions based upon tests. It is my belief 
that if these subjects under debate are finally settled the 
court of last resort must be the unbiased consumer and 
not the producer of these various types of metal. ‘‘Ask 
the man who owns one’’ is the best of commercial slogans. 
When Mr. Buck selects the word ‘‘reprehensible’’ to 
characterize partisan zeal he has thrown a boomerang 
which has a habit of returning to its source. 


Trstinc Is a CompLex ProBLEeM. 


The testing of sheet metals and wire to determine 
comparative resistance to corrosion is a complex problem 
in which many variables, some of them quite unknown 
to us, may play an important role. In my own experience 
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of corrosion problems which have held my close attention 
since 1904, I have become convinced that tests, like sta- 
tistics, can be made to prove almost any thesis which it 
is desired to prove. 

The effort to substantiate a point of view may amount 
to riding one’s favorite hobby-horse furiously about with- 
out realizing or caring that the other fellow’s hobby-horse 
also has its backers and admirers. J am not afraid to con- 
fess my own proneness to fall into this error, but I have 
attempted to overcome it; and as the years have gone by I 
have become more conservative with regard to publish- 
ing results of private tests which have not been checked 
up by engineers representing the great consuming inter- 
ests. Purely partisan evidence is not convincing, and I - 
think one would be wise to reserve judgment in matters 
of controversy involving metallurgical conclusions of 
great moment until the evidence is all in. 

If I understand Mr. Buck’s purpose in the presenta- 
tion of his tests, it can be boiled down to very simple 
language. In short, it is this: We are asked to believe 
that the accidental occurrence in, or the deliberate addi- 
_ tion of two-tenths of one per cent., more or less, of copper 
' to any steel will confer upon it valuable properties in 
corrosion resistance, to the extent of increasing its period 
of usefulness many times over. In my opinion, Mr. 
Buck’s tests on which he bases his conclusions are open 
to criticism both in their conduct as well as in the inter- 
pretation of the results obtained. I myself have under 
supervision quite as extensive and comprehensive tests 
of full-sized sheets, corrugated and plain, which have 
been exposed for a longer period, and which differ widely 
both in results and in their interpretation from those 
presented here today. I have not as yet published these 
tests for the very reason that I prefer to await the 
conclusions to be obtained in tests in which the represen- 
tatives of the consuming interests will have the predomi- 
nating voice. 

Since Mr. Buck has published and republished his 
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own tests and has submitted his conclusions for discus- 
sion here, it is no more than just that I should be per- 
mitted to analyze his figures and conclusions. In the two 
tables, 1 and 2, submitted in this paper, Mr. Buck has 
fortified his opinions by a group of results showing loss in 
weight determined on samples two inches by four inches 
in size. I believe such tests to be misleading, since in my 
opinion it is not the weight lost by a small sample or a 
number of small samples, but the way a given metal rusts 
under all possible conditions of service that must in- 
evitably in the end determine the quality of a type. It 
is not only a possibility, but it is true that a section of 
metal which is pitting through very rapidly in segregated 
areas will lose less weight than one that rusts slowly and 
evenly all over. ; 


ImpartiaL TESTIMONY. 


Mr. Buck himself has warned us against placing much 
confidence in accelerated tests, but granting, for the sake 
of argument, that this method of presenting results has 
weight, why should not the conclusions have been checked 
up by independent engineers? The representative of a 
great consumer, Mr. J. L. Campbell, Engineer of Mainte- 
nance of Way of a well-known railroad, conducted a com- 
prehensive series of tests under varying conditions on a 
number of different types of iron and steel. The results 
of these tests can be found published in Engineering 
News of July 30,1914. The tests were conducted on test 
pieces two inches wide and two to three inches long. In 
four of the five series of results published the coppered 
steels lost more weight per cent. in twelve months’ ex- 
posure than the ordinary non-copper bearing steels with | 
which they were compared. I submit that if Mr. Buck’s 
results are to be taken as final, and if also Mr. Campbell’s 
results are to be accepted, there exists a contradiction 
here which, before any fair-minded jury, would throw 
the entire data out of court as being inconclusive and 
unreliable. If I might be permitted to use my imagina- 
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tion in making an analogy which covers this form of 
testing and reporting results of tests, it is equivalent to 
the attempt to determine whether a particular breed or 
type of dogs is courageous or cowardly by purchasing in 
the open market a certain number of puppies repre- 
senting the breed and hanging them up by the tails to 
determine what percentage of the unfortunate individuals 
squealed. Upon such data as this learned discussions 
could be produced as to whether or not that particular 
breed of dogs was a courageous one. As a matter of 
fact, the only way that we can form opinions about such 
things is by observance of dogs in the long run and by 
the reputation of the breed which it has made for itself 
over a long period of years. However, in Table 2 of 
Mr. Buck’s paper the relative weight losses are not alone 
depended upon, but are checked up by counting the num- 
ber of holes which appear after an eight months’ ex- 
posure of his test pieces at Scottdale, Pa. Now, if Mr. 
Buck’s results as reported in this case can be repeated 
and checked up by unbiased investigators they would be 
of some weight, as no one wishes to buy sheet metal which 
in a thickness of 27 gauge is capable of being pierced full 
of holes or reduced to a condition of open lacework under 
weather exposure conditions in the remarkably short 
period of eight months. Such results are astounding to 
me. I have had, among many others, 26-gauge samples 
of the most ordinary type of non-copper bearing Bes- 
semer steel exposed under the atmospheric conditions of 
a densely populated mill town which has not as yet begun 
to combat the smoke nuisance, for sixteen months before 
the first hole appeared in any of a large number of full- 
sized corrugated sheets, in spite of the fact that some of 
my test sheets had been left in the original black, while 
others for comparative purposes had been first pickled in 
acid in the usual way. I submit herewith photographs 
showing these tests. 

In order to supplement these atmospheric corrosion 
tests I adopted the expedient of exposing similar sheets 
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Fie. 3. 


of different types of metal to a more severe test. This 
was done by bending up the edges of flat non-corrugated 
sheets so as to make of them shallow pans. These pans 
were filled with coal slack cinders and exposed in a hori- 
zontal position so that the rains could descend upon them. 
The results are given in the accompanying table. They 
are no more conclusive than Mr. Buck’s tests. This 
point I wish particularly to emphasize. But it can be 
reasonably claimed that if the coppered basic steel was 
the best material amongst the great number of test pieces 
which I was investigating, they should have confirmed 
Mr. Buck’s results. I give them here for what they are 
worth, in the belief that when independent engineers have 
had time and opportunity to thoroughly study these ques- 
tions they will meet with a great preponderance of similar 
results. 
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CrinpER Pan Corrosion Trxst. 


Sheet t Condition after 
No. Material. Sol 2: C. Mn. Cu. Ni. 9 months 
85 Bessemer 
PL Gyely eS GORE .038 .094 .012 .36 ..016 15 holes 
108 Basie Coppered 
Slice dete teteeeens - 028 .008 .10 19 26 6 holes 
169 Pure Basic 
OMB. Tronioeses 020 .004 .012 .008 .032 Sound 
123 Pure Basie 
OU HS ison a <5 029 .006 .012 .023 .024 1 hole 
127 O. H. Nickel 
PAGS To cece a hse 020° 007 .010 037 . 036 ..16 5 holes 
126 O. H. Copper 
Nickel Alloy.... .019 .009 .010 .015 .23 | .26 6 holes 
170 O. H. Copper 
Nickel Alloy....~ .027 .006 .010 Trace .17 .20 Sound 
121 O.H. High 
Nickel Alloy.... .024 .004 .010 .015 .028 1.00 Sound 


When as a government official I began the study of 
corrosion problems in 1904, there was great complaint in 
regard to the way that modern steels suffered from rapid 
corrosion. The past decade has seen progress made in 
many lines, and the steel industry has not stood still. I 
call attention to the fact that, comparatively speaking, 
the use of the acid-lined convertor, both Bessemer and 
open hearth, has decreased, while the growing use of the 
basic open-hearth furnace has led to greater refinement 
in steel products, and, above all, a greater control of the 
elimination of harmful impurities in many types of 
metal. 


Propucts Now BeEtter. 


I have no hesitation in saying that, led by the ex- 
tremely pure iron which it is now possible to manufacture 
in the open-hearth furnace, nearly all grades of steel are 
superior in rust-resisting quality to those which were 
offered ten years ago. Products and brands are more 
standard, or less variable in analysis than they used to be. 
Also they are much purer with respect to the well-known 
impurities and much better degasified, showing that our 
operating departments are taking more care with the 
products than was formerly the general rule. I make 
this statement quite independently of whether the pres- 
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ence of a small fraction of copper in steel is beneficial or 
whether it is not. To my mind, the great danger in the 
coppered steel idea is that copper can be used to put the 
stamp of excellence on a-product that may or may not be 
carefully made. Mr. Buck in his paper sounds the warn- 
ing that the benefits he claims accrue only if the copper 
is properly added to molten steel. Two-tenths of one 
per cent. of benzoate of soda has been used to preserve 
and make salable very bad tomato catsup, but its pres- 
ence cannot turn bad and dirty stuff into good and clean 
food. In my opinion, precisely the same thing is true 
of two-tenths of one per cent. of copper in steel. 

If the tests under my supervision had indicated that 
copper was beneficial to carefully made pure basic metal, 
I should have advised the manufacturers of pure iron to 
put the copper in. The fact that it costs, in some parts 
of the world at least, more to keep copper out of steel 
than to put it in shows the easier way. In this respect, it 
is interesting to quote from Mr. J. L. Campbell’s paper 
already cited, who says: 


Perhaps the most significant figures are those showing 
the relative corrosion of samples Nos. 2, 3 and 4, as they 
are of the same grade of steel, made by the same manufac- 
turer, and are presumably identical in quality, the differ- 
ence in copper content excepted. In regard to the addition 
of the copper, we quote from the letter of the manufac- 
turer as follows: 


‘‘In regard to the addition of copper, would say that 
the heats are made up as far as possible with copper scrap 
and any deficiency in the copper content is made up by 
adding the requisite amount of metallic copper to the bath 
in the open-hearth furnace about fifteen minutes or half 
an hour before tapping. The copper, therefore, has ample 
opportunity to become evenly distributed in the steel, 
particularly by the mixing action which takes place when 
the steel runs from the furnace into the ladle.” 


I believe that the real reason of any improvement 
which may have occurred in the effort to introduce cop- 
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per as a normal constituent of steel lies in the greater 
purity, better degasification and decreased segregation 
of the modern material. 

I feel it necessary, as a metallurgist who has giveu a 
great many years to the study of the effect of the various 
impurities as they may or may not influence the resistance 
to corrosion of a typical metal, to discuss Mr. Buck’s 
statements under his separate headings. 


CARBON. 


Mr. Buck states that although there has been no at- 
tempt made to determine directly the carbon influence, it 
seems that in the low ranges present the carbon has little 
influence and that this is indicated by a study of the 
tables which he has given with his paper. 

As a matter of fact, a great deal of work has been 
done by a number of metallurgists in this country and in 
Europe in the study of the effect of carbon on corrosion 
resistance. Some authorities hold that carbon, inas- 
much as it will allow hardening, will act as a protection, 
provided it is combined with the iron and uniformly dis- 
tributed. As a matter of fact, however, it rarely is per- 
fectly combined with the iron and uniformly distributed, 
as the microscope readily shows, and segregation in the 
cooling of impure molten metal is always an important 
factor. In our own practice we believe carbon to be 
deleterious on account of the fact that it is more difficult 
to properly degasify the metal while carbon is still under- 
going oxidation in the process of burning out. I believe 
that Mr. Buck has followed a good example in limiting 
his carbon content from .02 to .14 per cent., with the 
accent on the minimum side. 


MANGANESE. 


Mr. Buck admits that some metallurgists hold the 
theory that a content of manganese is detrimental to 
steel in its corrosion resistance, but he does not agree 
with the theories advanced nor has he observed the 
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slightest evidence or proof that such claims are justified. 
Nevertheless Mr. Buck acknowledges that manganese 
combines with sulphur, forming manganese sulphide, 
which exists in isolated patches but which he holds is at 
best only a feeble conductor of electricity and as such 
should stimulate corrosion to only a slight extent, if at 
all. He says that it is possible that these patches of 
manganese sulphide when they occur at the surface of the 
steel, or as they become exposed by the wasting of the 
steel, may become oxidized. 

Now, venturing to differ from Mr. Buck, I submit that 
in the production of pure iron the manufacturers do not 
aim to make material containing patches, and it is this 
very patchwork condition which existed in the older, 
segregated, carelessly made steel which has had our most 
earnest effort in the overcoming. We believe that the 
consumers of this country are not in favor of patchwork 
metals, or metals containing patches of ingredients which 
may contribute to the wasting of the steel to however 
slight an extent. As a matter of fact, corrosion is gov- 
erned by a variable number of slight effects, all of which 
are important. Mr. Buck argues that this patchwork 
condition is due to the presence of sulphur and not to 
the presence of manganese. This is an ingenious truism 
such as the saying that it takes two to make a quarrel. 
I hold, however, that it is better to use the utmost en- 
deavor to eliminate both the manganese and the sulphur, 
with the advantage on my side of the argument that it 
is an easier metallurgical accomplishment to effect the 
total elimination of manganese than the total elimination 
of sulphur. But Mr. Buck wants to eliminate sulphur to 
the highest degree possible, but does not want to eliminate 
maganese. 

In his comprehensive book, ‘‘The Corrosion of Iron 
and Steel,’’? Alfred Sang, on page 84, states: 


_ Dr. Charles B. Dudley (for many years associated 
with the Pennsylvania Railroad) discovered, some years 
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ago, that segregated manganese formed centers of corro- 
sion, and it is a generally accepted fact that steels high 
in manganese are peculiarly liable to oxidation; if the 
proportion is small and uniformly distributed the effect j 1S 
inconsiderable. The effect of manganese is corroborated 
by many reliable authorities. 


Mr. Sang then proceeds to give a list of these authori- 
ties. It is true that he points out that if the proportion 
is small and uniformly distributed the effect is incon- 
siderable, but Mr. Buck bears witness to the lack of 
uniform distribution within his range and deliberately 
admits a condition of.isolated patchwork. To my mind 
no further argument is necessary. 


SULPHUR. 


With regard to Mr. Buck’s opinion about the influence 
of sulphur, I am glad to say that I find myself for once 
in complete agreement with him, and feel no doubt that 
in his laudable drive against sulphur in the products 
under his charge he has been working in the right direc- 
tion. 


PHOSPHORUS. 


With regard to phosphorus, there is little accurate 
data as to its effect upon resistance to corrosion. I my- 
self in a paper delivered before this institute some years 
ago pointed out that nearly all the ancient irons which 
represent the survival of the fittest were remarkably 
pure with respect to every element with the single excep- 
tion of phosphorus. However, I do not feel that any 
beneficial effect that it might possibly have has yet been 
proved in modern practice. 


SILicon. 


Mr. Buck claims that silicon present in-the amount of 
15 per cent. and .30 per cent. leads to a distinctly in- 
creased rate of corrosion. 
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I am not prepared to question the accuracy of this 
statement; it is in effect but one more argument for 
purity. 


CoprPER. 


Mr. Buck states that it is quite generally conceded if 
copper is properly added to molten steel to the amount 
of approximately .25 per cent. the life of the steel under 
atmospheric conditions is generally increased. This is, 
of course, on its face, an incorrect statement. I for one 
do not concede it, and there are a great many investi- 
gators who have published in the technical press of the 
world who agree with me. In addition to this there is a 
great body of perfectly unbiased investigators who feel 
that the point has not yet been proven one way or the 
other. I do not hesitate to state that no such claim is 
justified on any basis of unbiased evidence. Mr. Buck 
says: ‘‘We have reached this conclusion from observa- 
tions of copper-bearing steels after several years’ ex- 
posure.’’? I may reply to this that we have reached quite 
the opposite conclusion and that we believe any improve- 
ment noted by Mr. Buck is due to a better degasification 
and less segregation than in the ordinary steels which he 
has been using for comparative purposes. 

The statement that the rust formed on copper-bearing 
steel is dark brown, closely adherent and smooth, is only 
partially true. Ihave noted a number of test samples of 
copper-bearing steel which showed just such an excellent 
condition as Mr. Buck refers to, but, on the other hand, I 
have seen a great number of specimens of copper-bearing 
steel, especially those made in the acid processes, which 
show the limonite red, rough, loose and spongy character 
of rust to which Mr. Buck refers. Almost invariably 
the pure irons as free as it is possible to get them from 
copper show the dark brown, closely adherent, smooth 
surface which seems to be characteristic of all properly 
degasified basic open-hearth metal. As a result of my 
observations of numerous tests extending over a great 
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number of years I must emphatically disagree with the 
statement put forth by Mr. Buck covering this particular 
point. Mr. Buck has stated that it is his belief that since 
copper is electro-negative to iron when it is properly 
mixed and incorporated with it, it reduces the tendency 
to corrosion by lowering the difference of potential be- 
tween the metal and the loosely adherent rust or oxide. 
If this is true, why, may I ask, does not silicon also, in the 
amounts from .15 to .30 per cent., show a similar effect, 
since silicon is also a strongly electro-negative element? 
But, as a matter of fact, as Mr. Buck claims, the addition 
of silicon in this range increases the tendency to corro- 
sion. Such metallurgical arguments as these advanced 
by Mr. Buck cannot be accepted on their face, and when 
Mr. Buck sums up that the beneficial influence of copper 
in steel and iron is most marked under atmospheric con- 
ditions as well as under soil, water and other natural 
conditions, I must claim my right to utterly disagree with 
him not only from the standpoint of the theories he has 
advanced, but also as the result of close application to 
the study of numerous carefully planned tests extending 
over a number of years. 


WeatHeErR Tests [RRATIONAL. 


IT submit that, in spite of the fact that we are all forced 
into undertaking weather exposure tests of uncoated 
sheet metals, such tests are irrational, inasmuch as no one 
yet uses any kind of iron or steel in an uncoated or unpro- 
tected condition, except in a few rare instances in which 
the conditions of service do not permit of protective 
coatings. If we are to make such irrational tests, how- 
ever, I submit that the test pieces should not be pickled 
or sand-blasted or otherwise treated by special annealing 
or cold rolling, or by any other method, but should go on 
test as nearly as possible in the condition that a prospec- 
tive customer would be likely to buy similar sheets. If 
any other method than this simplest one is followed, a 
string of variables is introduced that could easily keep 
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many of us so-called experts and our descendants arguing 
over the results until the crack of doom. 

I submit also that 26- and 27-gauge sheets are too thin 
to yield fair comparative results under varying weather 
exposure conditions. I have never been able to get even 
the cheapest and most ordinary steel sheets to rust 
through in the same length of time in which Mr. Buck’s 
best analysis sheets failed, although I have had them out 
under very severe conditions of exposure. I am therefore 
led to the belief that the tests described are not conclusive. 

At my original suggestion, the Corrosion Committee 
A-5 of the American Society for Testing Materials is 
about to undertake a series of systematic weather ex- 
posure tests on large corrugated sheets of 16- and 22- 
gauge iron and steel of all types now available in the 
open market. These sheets are not to be pickled and only 
a portion of the heavier gauge are to be sand-blasted. 
Until these authoritative and unbiased tests can be re- 
ported on, it is my belief that such sweeping claims as Mr. 
Buck has made in his paper are quite unjustified. My 
own opinion, based on what I consider the most reliable 
data yet available, is that in metals, as in food, purity is 
the safest criterion of excellence. (Applause.) 


_PresipEnt Gary: The discussion of Mr. Buck’s paper 
will be continued under the five minute rule by Messrs. 
J. O. Handy, W. H. Walker and J. S. Unger, who will 
please speak in this order without further introduction. 


RECENT PROGRESS IN CORROSION 
RESISTANCE 


Discussion By J. O. Hanpy 


Director of Chemical Laboratories, Pittsburgh Testing Laboratory 
Pittsburgh, Pa. 


While it was known in a general way, previous to 
Mr. Buck’s researches, that copper exercised a retarding 
influence upon the corrosion of steel, this knowledge was 
based on only a very few experiments made with steel 
higher in carbon than the steel of which sheet roofing, 
etc., are made. 

Mr. Buck’s work has established beyond any question 
the superior corrosion resistance of low carbon steels 
containing copper. He has shown clearly that either 
basic open-hearth steels or Bessemer steels are made more 
than twice as durable under weather exposure conditions 
by the addition of 0.25 per cent. of copper. 

In the course of experiments which Mr. Buck and 1 
have made, it has developed that basic open-hearth steel 
containing as little as 0.04 per cent. copper is as resistant 
to corrosion as basic open-hearth ‘‘pure iron’’ containing 
the same amount of copper. 

When the amount of copper is still further decreased 
so that it falls below 0.03 per cent., we know that in the 
case of either basic open-hearth or Bessemer steel or 
basic open-hearth ‘‘iron,’’ containing the usual amounts 
of sulphur, the influence of copper is lost and they all 
corrode very rapidly, the rates being in the order of their 
sulphur content. This fact seems to establish beyond any 
question that copper is a controlling element in prevent- 
ing the corrosion of ‘‘iron’’ and steel. 


How Dors Copper RETARD CoRROSION ? 


It is interesting to speculate as to the cause of the 
efficiency of copper as a rust retarder in steel or iron. 
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We feel sure, from our researches, that the oxygen con- 
tent of the steel, as shown by the Ledebur test, is not 
diminished by the addition of copper, nor do we believe 
that dissolved oxygen or oxide is the controlling factor in 
steel corrosion. 

We feel certain that in some way the accelerating 
effect exercised by sulphur upon corrosion in steel is 
almost entirely inhibited by the addition of copper. A 
most probable theory is that copper unites with sulphur 
and the compound dissolves in the steel itself. 

Sulphide of copper is not as readily oxidized as 
sulphide of iron or sulphide of manganese, and copper 
itself is extremely weather resistant. The steel, there- 
fore, is far less readily oxidized than when only sulphides 
of iron or manganese are present in the steel. 

This suggests the idea that copper may now be inten- 
tionally and intelligently used to combine with sulphur in 
steel, and to add to the steel other valuable qualities 
beside corrosion resistance. The ideal, of course, is not 
only corrosion retardation, but corrosion prevention. 


TrEsts AND THEIR RESULTS. 


Exposure tests made at the Pittsburgh Testing 
Laboratory have shown that copper and copper-clad or 
copper-covered steel resist the Pittsburgh climate per- 
fectly. We find no material loss of weight after eighteen 
months’ exposure, while, during that time, all of the plain 
irons and steels have nearly disappeared, and the open- 

‘hearth irons and the copper-bearing steels have under- 
gone large losses of weight by corrosion. 

Now that it has been shown that the electrolytic theory 
of corrosion does not prevent basic open-hearth ‘‘irons”’ 
low in copper from corroding as rapidly as plain steel, 
and as it has also been shown that Bessemer steel high in 
phosphorus and sulphur, but containing 0.25 per cent. 
copper, is even more weather resistant than copper-bear- 
ing basic open-hearth ‘‘pure iron,’’ we ought not t6 be 
afraid to test rigidly the theory that copper-covered steel 


245 


RECENT PROGRESS IN CORROSION RESISTANCE—HANDY 


any ww Sw! STRUISNIWId SNOX! aun) 1aae Srl LS ==-ONIMY dd dtd dD Ni STIILS NIWId 


aN[ v2] S TT OF TH 971i Pn TS2FD) x + 14 Sp en Acuxe ashen mca TT a pw [x9 YO 5 aT sin bl | Y 
‘ADASSI| O72} 010) F70) ™L 610}020 021Z/0S2'1) 0911} 0001|02¢ 0S S| 007 |00€) 06 2]08 2]082}022| 022/09 2|0r2| repro 810} 91 0}S10} 710) £10 2 
TAG 4 L90} 820} 120} SEO} 160 920) 910) v0} 1€0] 6£0}£E0| £0) S70} 0C0] €€0) €£0) 1€0]¥E0] C0} £50] Sh1) 820} 1e0| +60 yy 201210} £70) 1€0]Z€0} SEO} SHI} ZSOFE 
] 
» +] | XE)ya j 
( 3 ——— en = =a yj os 
WZ, co 


AQNVH 0 Svf ; “WOOL WT 
ae L-7s' ” ” = Mz 40 LHOM o4dNOu) 
“ates HOINASLUgd = "  FTINIS¥e ~aMo7 


3°WF9TANSOd YI NOIDA ANOI=SYUWW W4addn 
LOO4 JAVNOS Yd SIINNAO NI 1H9IIM 40 SASSOT 


SLSTLNOISOSYOO TVLIW LAFHS 


246 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


will corrode rapidly because copper is electro-negative 
to iron. I refer to copper-covered steel in which the cop- 
per covering is welded to the underlying steel. Our own 
exposure tests show that such material is as durable as 
copper itself, except at sheared edges, and at these points 
there is no evidence of more than the ordinary corrosion 
of exposed steel. 

' By the exercise of sufficient mechanical ingenuity in 
manufacture, I feel sure that perfect copper-covered steel 
sheets can be made, and that they will be a very valuable 
material for the manufacture of roofing, culverts, ete. 

The first lantern slide shows the great superiority in 
corrosion resistance of copper-bearing steels and open- 
hearth ‘‘irons,’’ when compared with plain steels or plain 
open-hearth ‘‘irons.’’ The slide shows clearly that there 
is no material difference between plain steels and plain 
open-hearth ‘‘irons’’ containing less than 0.03 per cent. 
copper. Both materials corrode with great rapidity. The 
critical percentage at which copper begins to control the 
corrosion of steel is between 0.03 per cent. and 0.04 per 
cent. The difference is very striking. The corrosion rate 
is 100 per cent. higher in the case of steels or ‘‘irons”’ 
containing less than 0.03 per cent. copper than it is in the 
case of those containing over 0.04 per cent. of copper. 

The slide shows graphically that in a more impure 
atmosphere, the plain steels corrode much more rapidly 
than they do in purer air, while the copper-bearing steels 
do not show any material difference. 

The marked influence of sulphur on the corrodibility | 
of the plain steels is shown most clearly by the diagram. 
The steels highest in sulphur failed first. 

It is a very striking contradiction of the ‘‘pure iron’’ 
theory to find that by cutting down the copper im- 
purity (?) too far (i.e. below .03%), the metal, instead of 
becoming more resistant to corrosion, drops abruptly to 
less than 50 per cent. of its former value. The theory 
requires revision. . (Applause.) 


RECENT PROGRESS IN CORROSION 
RESISTANCE 


Discussion By Wiuuiam H. WALKER 


Professor of Chemical Engineering, Massachusetts Institute of 
Technology, Boston, Mass. 


We have listened to a very interesting paper in which 
Mr. Buck has shown that when copper is properly added . 
to steel it produces truly remarkable results. It seems 
to me that his conclusions are demonstrated by the photo- 
graphs which were shown. Dr. Cushman has explained 
to us that he has not been able to get the same results. 

Mr. Buck states as one of the causes to which may be 
attributed the fact that, after years of research, we are 
not yet in full accord as to the factors which control 
corrosion, ‘‘An undue adherence to theory without prac- 
tical demonstration of the value of the theory.’’ I would 
like to paraphrase this to read ‘‘An undue emphasis on 
one corollary of a theory to the complete exclusion of 
other equally important factors.’’ The electrolytic 
theory, on which is based the modern conception of the 
corrosion of iron, predicates this chemical reaction: 

Metal + water = hydrogen + metal-hydroxide. 
Here are four factors, all of great importance, and of 
which each one may, under certain conditions, become 
controlling. But some worthy exponents of the electro- 
lytic theory have considered only the first, namely, the 
_ metal, and have ignored the influence of the others, es- 
pecially the hydrogen and the metal hydroxide. This 
has led to erroneous conclusions regarding the important 
factors which accelerate and retard corrosion, which 
have been unfortunate in their results. 

Taking the case of iron, the electrolytic theory as- 
sumes that at certain points the iron passes into solution 
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in the water, and at certain other points an equivalent 
amount of hydrogen plates out. If there exists on the 
iron a speck of mill seale, or any other electrical conduct- 
ing material on which hydrogen can deposit easily, a tiny 
electric cell is set up and the action proceeds at a rapid 
rate. In general this assumption is entirely correct. But 
some enthusiastic disciples of the theory, and I was one 
of them, made the wholly unwarranted assumption that 
every ingredient in iron or steel which was not metallic 
iron itself, would function in this way; and hence the 
conclusion that the purer the iron, the freer it would be 
from such electrolytic poles, and therefore the slower it 
would corrode. But here is where we strained the elec- 
trolytic theory beyond its elastic limit. We paid no 
attention to the effect which these ingredients, not iron, 
might have on the solution pressure of the iron, or upon 
the depolarization of the hydrogen, or the character of 
the iron hydroxide formed. In the first place, to be accel- 
erators of corrosion these metalloids, as we call them 
must be good conductors of electricity; and this we now 
know is not the case. Second, to be effective they must 
be segregated into individual particles—not alloyed with 
the iron; and generally they do not so exist. Third, and 
very important, not only must the hydrogen be plated out 
on such points, but it must here easily depolarize; that 
is, unite with the oxygen in the surroundings and dis- 
appear so that more hydrogen may deposit. In other 
words, the so-called impurities in iron and steel are not 
the active factors we at first thought they were, and 
eliminating these impurities has not brought the result 
which the theory at first led us to expect. We considered 
but a part of the theory, not the whole. 

Our disappointment in the matter of results has, how- 
ever, been relieved by the wonderful effects obtained by 
alloying with the steel a very small amount of copper. 
We have, for a number of years, carried on at the Insti- 
tute a large amount of investigation work upon this 
copper-steel, both in the laboratory and in the field, and 
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we can substantiate the results which Mr. Buck has 
obtained and has reported in his paper. 

I desire at this time to call attention to the fourth 
factor of the electrolytic theory, and which has received 
almost no attention; that is, the influence of the metal 
hydroxide which is formed on the rate of corrosion. We 
fmd that the film of iron hydroxide or ‘‘rust’’ which 
forms on a plate of copper-steel is much denser and de- 
polarizes much more slowly than does that on any other 
type of iron or steel of which we know. In field tests 
this same phenomenon is observed. I have here-three 
plates which have been exposed to the weather on the 
roof of one of the buildings of the Institute of Tech- 
nology at Boston for something over a year. They are 
all from sheets bought in the open market in Boston. 
No. 1 is a copper-steel containing 0.22% of copper; No. 2 
is a pure open-hearth iron and contains 0.04 of copper; 
No. 3 is a piece of ordinary mild steel. The coating on 
the copper-steel is dense, closely adherent and depolar- 
izes with great difficulty; that on the plain steel is yellow, 
loose and granular, and allows the surface of the metal 
to depolarize easily; the pure iron with .04 copper is — 
obviously between the two. 

Regarding theory, let me say in conclusion that we 
must remember that the object of science is to make 
known the phenomena of nature and not to answer the 
question why they are so. If we can establish a principle 
or theory which will correlate a large number of other- 
wise unrelated facts, which will help us to explain one 
phenomenon in terms of another, which will enable us to 
generalize regarding such phenomena so as to predict 
results not yet experimentally established, then theory 
is a helpful and valuable thing. But, on the other hand, 
if a theory be so used as to obscure a part of the phe- 
nomena with which it deals, or if it causes facts incon- 
sistent with it or not explained by it to be ignored, then it 
becomes harmful, and a hindrance to progress rather 
than a help. (Applause.) 


RECENT PROGRESS IN CORROSION 
RESISTANCE 


Discussion By JoHn S. UNGER 


Manager, Central Research Bureau, Carnegie Steel Company, Duquesne, Pa. 


I came here today to listen, not to discuss this paper. 
I had no idea that I would be called upon to discuss it; 
but, fortunately for me, while the others were reading and 
discussing the paper I made a few notes. 

The subject is of peculiar interest, as we have two 
opinions that are almost directly opposite to one another. 
I do not think the user of a steel sheet is interested as to 
whether the sheet corrodes in accordance with the elec- 
trical theory, the carbon dioxide theory or any other 
theory. He wants to know what sheet will resist corro- 
sion the longest. He is not going to ask if it contains 
copper, or if it is a pure iron or steel containing traces of 
copper. He is going to insist on getting the sheet which, 
when submitted to a practical service, lasts the longest. 

I might say that I have seen the tests referred to by 
Mr. Buck. On several occasions I visited the test stations 
at Atlantic City, in the coke region and those at Demmler. 
[ had no other interest than that of a scientific one, so I 
feel that my opinion in this matter is unbiased by any 
outside influences. I noticed particularly in examining 
the sheets on the roof that many of them were badly cor- 
roded, very rough to the touch, almost like very coarse 
sandpaper, and decidedly yellowish brown in color. 
Other sheets were comparatively smooth, only slightly 
rusted, and dark brown in color. In making inquiries as 
regards the composition of the different sheets, I was 
impressed by this fact: I found sheets on the roof, of 
Bessemer steel, with approximately one-tenth per cent. 
phosphorus and .140 sulphur, that had been almost com- 
pletely destroyed by atmospheric corrosion after ten 
months’ exposure. Similar sheets from the same Besse- 
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mer blow that had .25 per cent. of copper added, put on 
the same roof at the same time and exposed to the same 
weather conditions, were in very fair condition. My 
own judgment of the matter was that sheets containing 
a quarter of one per cent. of copper would outlast the 
others about three to four times. 

While making an examination to determine if purity 
in steel would improve the resistance to.corrosion, I 
found on the same roof, under identical conditions of ex- 
posure, sheets of open-hearth steel in which the phos- 
phorus and sulphur were under .04 per cent. Examina- 
tion of these open-hearth sheets, made without the addi- 
tion of copper, showed that they had not corroded as 
much as the high phosphorus, high sulphur, non-copper 
Bessemer sheets. After the addition of a quarter of one 
per cent. of copper to each of the steels, I could not detect 
any difference between the pure basic open-hearth steel 
and the very impure Bessemer steel. This indicated to 
me that the small amount of copper added so effectually 
masked the effect of composition in the steels that the 
original composition was practically negligible. 

The positive and sure way to determine the value of 

-any of these steels would be to do just as Mr. Buck has 
done. Take the full size, unprotected sheets and put them 
on a normal roof, placing the different sheets to be 
examined on the roof at the same time, and after certain 
regular periods of time make an examination to find 
which has resisted corrosion the best. 

It seems that a very simple way to settle this disputed 
question once and for all would be for those interested in 
the production of pure irons, and of copper steels, and 
those interested in the final use of the same, to get to- 
gether and make such tests in a practical way, exposing 
the unprotected sheets to atmospheric corrosion so as to 
meet real service conditions, and from those results draw 
positive, definite conclusions. 

No one can really appreciate what difference there is 
between a copper bearing and a non-copper bearing sheet 
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made from the same heat of steel, without actually seeing 
it ona roof. I do not feel that the photographs that have 
been presented this afternoon have done the matter jus- 
tice. You must get on the roof. You must feel the sheet 
to see how rough the surface may be and how much it 
has rusted. You must examine the pitting, observe the 
rust adhering in flakes to the under surface, note the 
color of the corroded sheet, and determine the loss in 
strength from a small strip sheared from the exposed 
sheet and bent by the fingers. 

These are the true indications of the corrosion of the 
sheet. This I have done, and my conclusion is that the 
addition of one-quarter of one per cent. of copper to a 
soft steel, which contains less than .05 per cent. copper, 
will increase from two to four times the resistance to 
atmospheric corrosion of that steel, regardless of the 
process by which it has been made or of what purity it 
may be. (Applause.) 


Presipent Gary: The discussion of Mr. Buck’s paper 
will be closed by Mr. G. H. Charls, Vice-President of the 
American Rolling Mill Company, Middletown, Ohio. 


RECENT PROGRESS IN CORROSION 
RESISTANCE 


Discussion By G. H. CHarts 
Vice-President, American Rolling Mill Co., Middletown, Ohio 


The subject of the corrosion of iron and steel has had 
my attention for the last ten or eleven years, or ever since 
the inception and production of pure iron in the open- 
hearth furnace. I have been very much interested in the 
discussion because not a day passes without some new 
phase or requirement of rust-resisting material comes to: 
my attention. It seems proper to say here and now that, 
in order to make the results comparable in every way, 
Dr. Cushman has been using the same copper steel that 
Mr. Buck used, which is identical in every way—or at 
least it should be. 

In referring to the manganese content, there is always 

the tendency to omit the fact that it unites with sulphur 
to form the patches of manganese-sulphide, mentioned by 
Mr. Buck, which obviously accelerate corrosion. 
_ After inspecting hundreds of samples of copper steel: 
exposed to the elements for longer periods than the 
samples exposed by Mr. Buck, it has been found that 
copper-bearing steel shows both the light and dark 
colored rust. 

Our investigations prove that a sheet made from a 
dense ingot produces a dark brown colored rust; sheets 
made from spongy, porous ingots produce a light-colored 
granular rust. 

Dr. Unger recommends that you base your judgment 
on the results produced by unbiased investigators. If 
this suggestion is followed, there is but one unbiased 
authority mentioned in these discussions whose opinion 
can be consulted. I refer to the test made by J. L. Camp- 
bell, a well-known railway engineer of El] Paso, Texas, 
mentioned in Dr. Cushman’s paper. Mr. Campbell was 
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first led to believe by his tests that copper added to steel 
made it more durable, and so expressed himself. How- 
ever, after he had conducted these same tests for a longer 
period the results proved just the opposite—namely, that 
plain steel to which copper had not been added was more 
rust-resistant than steel in which the copper varied from 
.20 to 1.00 per cent. Therefore, if Dr. Unger’s sugges- 
tion is followed, and if we rely upon experiments made 
by disinterested parties, we can only come to the con- 
clusion that copper added to steel does not increase its 
resistance, but rather accelerates corrosion. 

Co-operation should encourage a free discussion of 
questions on which there is a sincere difference of opinion, 
especially when such discussions enlighten and tend to 
raise the quality of American products. 

It is, indeed, very gratifying to observe that Mr. Buck 
has proven so conclusively in his second table that 27 
gauge pure iron has at least twice the life of steel. No. 
one can justly accuse the author of this paper of being an 
ardent advocate of pure iron. Even I am unwilling to 
admit he was biased in favor of pure iron. 

This truth becomes more remarkable when you are in- 
formed that 27 gauge black pure iron is not even advo- 
cated by its producers, because it cannot always be rolled 
satisfactorily. This is explained by the fact that pure 
iron is so soft, so ductile and welds so readily, the 27 
gauge sheets stick fast together in rolling and are often 
damaged when torn apart. 

Through the courtesy of Mr. Buck, a sheet taken from 
this lot which was to be tested came under my observa- 
tion. In measuring the thickness of this sheet it proved 
to be nearer 28 gauge than 27 gauge in many places, due 
to the difficulty of obtaining a uniform gauge in rolling 
such light material. It is, therefore, doubly gratifying to 
note the splendid record made by this light-weight 27 
gauge pure iron, sand blasted or pickled (before it was 
tested) to almost a tisstie paper thickness, made under 
protest and against the advice of its producers and in 
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every way unworthy of being considered a representative 
product by any fair-minded person. 

If, under such adverse conditions, pure iron outlasts 
steel two to one, it must be graciously conceded that the 
claims made for this. product have been thoroughly sub- 
stantiated and sustained. This would be very welcome 
information to the thousands of purchasers of pure iron 
if they were not already aware of the intrinsic value of 
this product and its superiority to steel from the stand- 
point of resistance to corrosion. 

However, I am glad one who is not an advocate of 
pure iron has made clear to the world at large that all 
previous criticisms and efforts to belittle the service- 
ability and durability of pure iron have been due either to 
prejudice or a lack of any knowledge of the subject. (Ap- 
plause. ) 


Presipent Gary: Is there any further discussion 
under the five minute rule? (After a pause) We stand in 
recess until seven o’clock this evening, when the annual 
dinner will be held in the grand ball room. 


EVENING SESSION 


The annual dinner was held in the Grand Ball Room 
of the Waldorf-Astoria, Judge Gary, President of the 
Institute, acting as Toastmaster. 

After the dinner had been partaken of, Judge Gary 
called for order and said: 

Mr. Farrell is not with us tonight. He is out on the 
broad Pacific. But he is thinking of us, as is shown by 
the following telegram just received from him. It is 
dated Pacific ocean and is sent by wireless. The message 
says: ‘‘Wish you successful meeting Institute. Kindest 
regards yourself and members. Yours for cooperation. 
James A. Farrell.’’ I have prepared and with your per- 
mission will send to Mr. Farrell the following telegram: 
‘Your message. 450 members Institute at banquet send 
you affectionate greetings. Gary.’’ (Applause.) 

The first number on the program this evening is a 
paper on the Welfare Work of the Tennessee Coal, Lron 
and Railroad Company by Lloyd Noland, M.D., Superin- 
tendent of the Health Department of that company. 
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WELFARE WORK OF THE TENNESSEE COAL, 
IRON & RAILROAD COMPANY 


Luoyp Nouanp, M.D. 


Superintendent, Department of Health, T. C. I. & R. R. Co., 
Birmingham, Ala. 


I have the honor of bringing to your attention this 
evening a brief account of the welfare work now being 
undertaken by the Tennessee Coal, Iron & Railroad 
Company. 

In recent years, the term ‘‘ Welfare Work’’ has become 
familiar to every one, and activities under this head have 
multiplied at an amazing rate. An exact definition of the 
term is difficult, and it is hard to determine its limita- 
tions; therefore, the subject will be considered in its 
broadest sense, namely, the conservation and upbuilding 
of health and strength, both physical and moral, among 
our employees. 

Before taking up the various means by which this is 
being attempted, a brief statement of the general situa- 
tion in the Birmingham district is necessary to a thorough 
understanding of the problem confronting this company. 

The Tennessee Coal, Iron & Railroad Company is 
engaged in the operation of ore mines, coal mines, 
quarries, blast furnaces and steel plants. These mines 
and plants are distributed over a wide territory, though 
by far the greater portion are within a fifteen-mile radius 
of Birmingham. About 15,000 men are employed in these 
operations, a little over one-half of whom are negroes. 
About 34 per cent. of the employees live in houses owned 
by the company. Of the employees living in company 
houses, about 65 per cent. are negroes. A working force 
of 15,000 men with their families represent a population 
of about 45,000, 66 per cent. of whom live in the cities, 
towns,- villages and countrysides contiguous to the mines 
and works, in houses not owned by the company. 
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Many of the houses owned by the company were con- 
structed a number of years ago without much considera- 
tion being given to the type of houses built or to their 
arrangement and location. In recent years, however, 
much attention has been given to proper house construc- 
tion, and much remodelling and rearranging has been 
done in the older groups, while in the more modern groups 
the houses have been well planned and located. The 
houses of the modern groups are of three-, four- and five- 
room types, with running water at every house and with 


Colored quarters, Fossil, closer view. 


ample yard and garden space, surrounded by good 
fencing. Attention has also been given to variation in 
type of construction and variety in the painting of houses. 
In addition to houses for employees, commissaries, bath- 
houses, schools, churches and club-houses have been built. 
Generally speaking, all welfare work comes under the 

management of the Department of Health of the com- 
pany, closely associated with which is the company’s 
Hducational Department. For convenience of handling, 
the Health Department is separated into three divisions, 
namely: Sanitary, Medical, and Welfare. 


Sanrrary Drvision. 


The Sanitary Division is responsible for the follow- 
ing: Purity of all water supplies; the care of closets 
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and the disposal of fecal matter; the collection and 
disposal of trash and garbage; the cleaning and draining 
of streets and alleys, including weed and grass cutting; 
the supervision of all house premises; the elimination 
of mosquitoes; the inspection of stables and the prompt 
disposal of all stable manure for fly prevention; the 
isolation and quarantine of cases of contagious and infec- 
tious disease; the supervision of milk supplies, and the 
inspection of commissaries to insure Me to protection 
and purity of all food supplies. 

The company is divided into six Sanitary Districts, 


Pure water supply, filtration plant at Docena. 


each under the charge of a Sanitary Inspector, with a 
sufficient foree under his immediate direction to carry 
on the work. Sanitary Inspectors report direct to the 
Superintendent of the Department, but keep in close 
touch with company physicians at all points, the 
physicians acting as local health officers and directing the 
handling of contagion of any kind. The sanitation of 
these districts involves so many items that it is impossible 
to go into all details in the time allowed; therefore, only 
a few of the more important will be touched upon. 
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Water Supplies—As a usual thing all houses are 
furnished from some general supply with an adequate 
distribution system to each house. When necessary, this 
water is filtered or treated at a central plant. Specimens 
from all general supplies are examined once each week 
in the company’s bacteriological laboratory. 


Care of closets. 


Feces disposal, septic tank method. 
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Care of Closets—The average life of a mining town 
is too short to justify the great expense of a general 
sewerage system, therefore some other method is neces- 
sary. With us the pail system is in general use, and 
closets are constructed with a view to adequate ventila- 
tion and proper prevention of fly contamination. Pails 
are removed and clean pails replaced at least twice 
weekly. Feces disposal is accomplished by means of 
septic tanks or by cess-pits at isolated points. (The septic 
tank method will be used exclusively in the near future.) 

Mosquito -Work.—Mosquito breeding is general 
throughout this district from the middle of April to the 
middle of October, and malaria has not only caused many 
deaths and much illness, but has seriously interfered with 
the efficiency of labor. By careful drainage of all pools 


Mosquito control—undrained swamp. Pretty but dangerous. 


and swamps when practical, and systematic oiling of the 
surfaces of streams and of undrained pools, a great 
reduction in this disease has been effected. (See chart.) 

Fly Work.—Stable manure is, of course, the great fly 
incubator, though wet trash and garbage also play an 
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Mosquito control—swamp after proper drainage. Less pretty but~ safer. 


important role. In the handling of this problem, all 
stables are carefully cleaned each morning and removal 
of manure is required during the day. Manure incinera- 
tors have been constructed at each of the large company 
stables at a very small cost, and manure is burned if not 
removed promptly. Farmers and others who use stable 


: 
4 
i] 

f 


Fly control—concreting of stables. 
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manure now rarely fail in its prompt removal, knowing 
that the incinerator is ready for use at all times. 
Covered trash and garbage receptacles are provided at 
each house, and collection and incineration of trash and 
garbage takes place at least twice weekly. An enormous 
reduction in flies has been accomplished by the above 
methods, and with it a marked reduction in the occurrence 
of fly-borne diseases. 


Mepicau Drviston. 


The Medical Division is organized with the idea of 
furnishing medical and surgical care for all employees 


Medical dispensary at Wylam. 


except those residing in Birmingham proper. The work 
of this division is divided into twenty districts, each of 
which is under the charge of a District Physician, who 
reports direct to the head of the department. These 
physicians, with their assistants, comprise a force of 
thirty-five doctors and fifteen nurses, all of whom are 
employed by the company on a salary basis to devote 
their entire time to the care of employees of the company 
and their families. The duties of these physicians and 
nurses embrace the following: 
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Physical examination of all applicants for employ- 
ment; 

Physical examination of all school-children, together 
with frequent inspections of the schools; 

Close cooperation with the Sanitary Division in 
general health work; 

The care of all sick and injured employees and their 
dependents, without regard to the nature of the illness 
or whether or not injury was received in line of duty. 


Medical examination of school children. 


The company maintains two base hospitals of eighteen 
and twenty-six beds, respectively; six smaller hospitals 
of two to eight beds, and twelve dispensaries. <A 
thoroughly equipped Central Laboratory is also main- 
tained, to which chemical, bacteriological and pathological 
work is referred by all physicians for assistance in exact 
diagnosis and treatment. This laboratory also handles 
work for the Sanitary Division, such as the weekly 
examination of all general water supplies, the frequent 
examination of isolated water supplies, the examination 
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of milk and other food supplies. During the year 1914, 
this laboratory reported on a total of 3,696 specimens of 
all kinds examined. 
An enormous ‘amount of work is handled by the 
Medical Division, and every physician is constantly in 
close touch with the community. The scope of organiza- 
tion enables the employee to have a much higher quality 
of service than he could otherwise secure, for the reason 
that facilities are provided for proper examination of all 
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Ambulance service. . oo 


kinds, for careful laboratory work and for consultation 
covering various specialties; and in addition to this, as 
the service is always on call, ailments are usually dis- 
covered in their incipiency, thus saving much loss of time 
to the employee and many outbreaks of communicable 
disease. As against this, many useless calls are, of course, 
made, but gradually this trouble will be eliminated by 
proper instruction and education of our people. During 
the year 1914, there were 129,551 applicants for treatment 
at the dispensaries, and 84,621 calls were made at the 
homes of employees. 

The expense of the Medical Division is borne partly 
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by the company and partly by the employees through a 
system of voluntary contribution. Under this system, 
any employee living within a certain radius of the works 
and mines may request that he be placed on the ‘‘medical 
list.’” The payment of 75 cents per month entitles each 
employee and his dependents to treatment for any 
possible ailment. At present, practically all employees 
living in the zone of this service voluntarily avail them- 
selves of its advantages. 

While the Medical Division is doing valuable work, 
there is one serious drawback to its full efficiency, which 
is the lack of a large base hospital for the treatment of 
illness of all kinds, particularly that of a communicable 


nature. It is impossible to secure ideal results, either - . 


from a sanitary or medical standpoint, in the treatment 
of communicable disease in small and often crowded 
houses, and the only practical solution is the prompt 
removal of the patient, as soon as a diagnosis is made, 
to a hospital maintained for this purpose. 


Club-house at Muscoda. 


WELFARE DIVISION. 


The Welfare Division has charge of the club-houses 
located in various towns; the conduct of courses of cook- 
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ing, sewing and practical housekeeping for both school- 
children and adults; the kindergarten instruction of 


ee 


Instruction in cooking at Edyewater. 


children below the school age; home visiting and instruc- 
tion by social workers and schoolteachers; supervised 
play at all playgrounds and schools, and supervision of 
various social organizations, such as Boy Scouts, Camp 
Fire Girls, Mothers’ Clubs, Young People’s Clubs, ete. 
The scope of work and the influence of this division are 
rapidly increasing. At present seven well-equipped 
classrooms for instruction in cooking and sewing are in 
operation, with a large and enthusiastic attendance of 
girls and women. Three kindergartens are in operation 
with an enrollment of over one hundred children, and 
much useful visiting is being done in the homes of 
employees, giving opportunity for tactful suggestion and 
instruction regarding betterment in living conditions. 


EDUCATIONAL DEPARTMENT. 


The Educational Department is charged with the 
cperation of all company schools. These schools, twenty- 
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four in number, are maintained or partly maintained by 
the company in cooperation with the County, and are 
divided into twelve schools for whites and twelve for 
negroes, with a total enrollment of 3,311 pupils, under 
the charge of a superintendent employed by the company. 

All sanitary arrangements at schools, as well as 
systematic inspection and examination of children and 
the following up of every absentee, are handled by the 
District Physician in close cooperation with teachers 
and welfare workers. 

The question naturally arises as to what is accom- 
plished by work of this character, and whether the 
expense entailed is justified. There can be no doubt 


Cooking class for colored women at Ishkooda. 
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but that a workman properly housed and whose family is 
possessed of home comfort is a better and more steady 
worker than one living in discomfort and dirt. A clean, 
well-sanitated town, made up of comfortable homes, most 
certainly tends to stimulate thrift and energy. 
Bath-houses at mines and works, which are coming 
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Commissary department at Docena. 


into very general use all over the country, are a great 
advance in many respects. There is no question that 
the daily bath promotes health and energy, and, in 
addition, has a great effect on the home, for the house- 
wife must have a clean home and a clean family to meet 
the clean head of the house on his return from work. 
Commissaries are a necessity where negroes are 


Typical meat market. Note screening. 
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employed. A clean and well-ordered store tends to better 
business administration always, and, in addition, teaches 
a valuable lesson to every customer; also by strict atten- 
tion to cleanliness and sanitation in the handling of food- 
stuffs in these stores protection is afforded to the health 
of the community. 
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School gardens—health and happiness. 


General sanitation is not only a moral responsibility, 
but a work that pays, for the prevention of disease is 
always cheaper than its cure. The sickly workman, or 
the workman with a sickly family, is an expensive invest- 
ment always. Pure water supplies mean freedom from 
typhoid and the dysenteries. Proper care of closets and 
the prevention of soil pollution mean prevention of the 
fly-borne diseases and of hookworm. Mosquito preven- 
tion work means the reduction or elimination of malaria 
and increased comfort in living. The proper handling 
of stable manure and of trash and garbage means the 
reduction of that dangerous pest, the house-fly; and the 
prompt and efficient handling of contagion means a 
steady working force, as against a force often torn to 
pieces by epidemics of various kinds. 

The employment of physicians and nurses by the com- 
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pany insures every workman skilled attendance, together 
with facilities for exact diagnosis and treatment, such as 
he could not possibly secure in the usual way. Under 
this system all conditions are treated, no matter what 
the ailment, or how contracted. This system not only 
keeps the standard of health high, but it protects the 
employee from the overburdening expense so often 
incurred by sickness in his family, and also protects the 
more ignorant from the designing quack and patent- 
medicine faker. However, the acceptance of the company 
service is voluntary, and the employees’ privilege to 
secure other medical service is in no way abridged. 

The value of the work of the Welfare Division partly 
remains to be proven, but we are convinced that sufficient 
good has already been accomplished to warrant.extension 
of the work and to give much hope for the future. The 
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Supervised play. 


Educational Department has already proven its value in 
a practical way by bringing to the service of the company 
a class of workman impossible to secure unless facilities 
for the proper education of his children are available. 
The employees of this company consist of 53 per cent. 
negroes, 37 per cent. white Americans and 10 per cent. 
Europeans. The negro is easily taught and usually obeys 
advice and instruction. He is easily approached, and, 
as a rule, is anxious to improve his conditions of living. 
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White school at Docena. 


As against these good qualities, he is lazy and often will 
not work unless in actual need of food and clothing. In 
many instances his family is ignorant of the proper 
methods of preparing food and of the essentials of home 
economy. The European, as a rule, is eager for instruc- 
tion of every kind, and is generally sober and industrious. 


Colored school at Fossil. 
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Kindergarten at Edgewater. 


He is apt, however, to live in a slovenly manner and to be 
entirely ignorant of home hygiene. 

It has long been realized that the sober, industrious 
and hardy workman must have properly prepared food, 
a clean and well-conducted home and a healthy family; 
therefore, it follows that wives and prospective wives 
who are ignorant of housekeeping, sewing, cooking and 
of home hygiene, must be instructed if efficient workmen 


Kindergarten circle at Edgewater. 
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are to be produced. This instruction is being given by 
our welfare workers to the women, by systematic visiting 
and teaching in the home, and by the organization of 
classes meeting at the club-houses and schools. Every 
girl attending the company schools is required to take 
courses in cooking, sewing, etc. Social organizations, 
such as Boy Scouts, Camp Fire Girls, Young People’s 
Clubs, Mothers’ Clubs, ete., are organized and headed 
by these welfare workers and schoolteachers, and proper 
ideals are carefully instilled at every opportunity. 

Schoolteachers and welfare workers reside in cottages 
maintained for this purpose, which serve as an example ~ 
to the women of the community-of how houses should be 
kept and run. 

Churches are provided for every community, and 
much is being accomplished through church and Sunday- 
school work. 

Kindergarten instruction prepares the small child for 
entrance to the schools, and relieves the mother of its 
eare during the morning hours. 

Playgrounds for children, and baseball and football 
fields for the men, are also provided. 

_ The schools are being well attended and their standard 
is being rapidly improved. Every effort is being made 
to give practical courses and to secure steady attendance 
of all children through the eight grades. 

When all is said and done, our great hope for the 
future lies in the younger generation now in our schools, 
on whom every effort is being directed toward physical, 
mental and moral upbringing. If our efforts are success- 
ful there will be developed in the Birmingham district 
a generation of healthy, sober and industrious working 
men and women, adequately equipped. to realize and to 
perform their duties to the community, to their employers 
~ and to themselves. (Applause.) 


POSTPRANDIAL REMARKS IN RESPONSE TO 
JALL OF PRESIDENT GARY 


Presmpent Gary: As noted on the program, and fol- 
lowing our usual custom, we will call upon a few members 
for brief remarks. The list of those to be called upon 
has been furnished me by the Committee on Arrange- 
ments. I suppose that those to be called upon have been 
notified during the evening that we hope to hear from 
them. Their remarks will necessarily be limited in time. 
’ I wish to remind the speakers that if they take more time 
than has been allotted to them respectively, they are 
trespassing on the time of speakers who will follow. 

I have pleasure now in ealling on Mr. John A Penton, 
publisher of the Jron Trade Review, Cleveland, Ohio. 
(Applause. ) 


Mr. Penton: It seems to me that we have heard much 
here today that should furnish inspiration for those who 
are directly or indirectly engaged in the iron and steel 
business, and that ought to give us something to think 
about after we have gone away from this meeting, some- 
thing that may well serve as an incentive to the promo- 
tion of even better conditions in the industry. 

Specifically I refer to the splendid address of our 
president to which we listened this morning. In the 
words of a gentleman who is sitting near me, ‘‘It was a 
message to ne whole world from the iron ad steel men 
of America.’ 

It sometimes seems to me that we ourselves may 
possibly not fully realize and appreciate the full signifi- 
eance and importance of this industry in America. Ac- 
cording to the last figures of our national government, 
the value of the products of the iron and steel and 
machinery plants in this country in the last year of which 
a record has been published amounts to nearly $4,000,- 


POSTPRANDIAL REMARKS—PENTON 277 


000,000. That is an incomprehensible amount of money. 
It sounds more like a European war debt than anything 
else. If I remember correctly; it is more than twice the 
value of the corn crop and four or five times the value of 
the wheat crop. 

As I recall the figures, the value of the iron and steel 
and machinery exported from the United States last year 
to foreign countries exceeded $300,000,000. Think what 
that means in turning the tide of gold toward this country, 
what it means to the prosperity of our people, what it 
means not only to those engaged in the industry but to 
the entire nation. 

We have listened with interest and satisfaction to 
Dr. Noland’s paper on the Welfare Work Done by the 
Tennessee Coal, Iron and Railroad Company, one of the 
subsidiary companies of the United States Steel Corpora- 
tion. I understand that the expenditure of the Steel 
Corporation alone for welfare work since the organiza- 
tion of the Corporation has been upwards of fifty millions 
of dollars. And fifty millions of dollars expended in 
such work as we have seen illustrated this evening repre- 
sents an enormous gain to mankind. Moreover, this work 
of the Corporation is typical of what is being done by the 
other iron and steel companies of this country. Last 
summer I had an opportunity to visit the nothern part of 
Michigan. Although I have tried to keep track in a gen- 
eral way of this great movement in industrial welfare, 
I did not really appreciate it until I saw it for ‘myself. 
T think that comparatively few of us realize the improve- 
ment of the character of the homes in which the miners 
live as compared with the small huts and unpainted 
houses in which they lived ten, fifteen and twenty-five 
years ago. I knew the character of the houses and the 
inconveniences and hardships of life in those sections at 
that time, for I lived in that part of the country myself. 
Today in northern Michigan, Wisconsin and Minnesota, 
the miners live in handsome homes, on streets finely 
. paved, with water, gas and electricity. And the com- 
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panies offer premiums for the best vegetable gardens 
and for the best kept homes. Accident prevention, sani- 
tation, hygiene and social service are all subjects to which 
the employers give attention and on which they spend 
much money and thought. ‘‘Health and safety in mine 
and mill’’ is one of the mottoes of the Institute, and it is 
lived up to in practice. There are great bath houses at 
the entrance of the mines for the comfort of the miners. 
I am familiar with the work of the ore boats on the Great 
Lakes and the work being done by the operating com- 
panies for the safety, health and happiness of men on 
shipboard. Seeing all this, knowing in a general way of 
such work in all parts of the country, I say with all proper 
respect that in proportion to the number of people whose 
lives are touched, no religious body is doing more or 
better work for humanity than is being done by the manu- 
facturers of the iron and steel business of this country. 
(Applause. ) 

It seems to me that the time has about arrived when 
those engaged in this industry should come into their 
own. I really believe that we are entering a new day and 
that the reign of terror, as one of the papers expresses it, 
has gone by. I believe that in the spirit of cooperation 
recommended by our president this morning we shall 
accomplish great things for ourselves and the country. 
(Applause. ) 


Presipwent Gary: Mr. Edward M, Hagar, President 
of the Hagar Cement Company. 


Mr. Hacar: Speaking as a representative of the 
cement industry to you representatives of the steel in- 
dustry, I wish to preface my remarks by assuring you 
that if I say anything that sounds like eriticism of the 
steel industry I do it with the-most kindly feelings, be- 
cause of my life-long relationship with you gentlemen 
and because of the kinship of the two industries. 

My main purpose in responding to J udge Gary’s eall 
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is to raise the question, ‘‘ How much has been done by the 
steel manufacturers during the history of the industry 
to create, by positive educational work, a greater demand 
for steel products?’’ I think the answer must be that 
very little such educational work has been done. By 
contrast I think it only proper to say a few words as to 
what has been accomplished and is being accomplished by 
cement manufacturers to promote the use of their 
product. 

Individually and through their associations, the manu- 
facturers of Portland cement have deliberately proceeded 
to discover new uses for cement and then spread the | 
knowledge of these new uses among the people. And the 
results have been both surprising and gratifying. It was 
the cement manufacturers who went into the subject of 
concrete roads, and it has been their energy largely that 
has given the country so many of these good roads. Then 
take the matter of fireproof construction. The cement 
manufacturers have shown the people of the United 
States that this country wastes over $300,000,000 a year 
through preventable fire losses. The fire loss per capita 
in the United States is over $3 per annum. In sixteen 
European countries it is sixty-three cents per capita per 
annum; in Italy it is only twelve cents. Fire insurance 
rates in this country average about one dollar per one 
hundred dollars of insurance, as against ten cents per 
hundred dollars of insurance in Europe. 

In both concrete road construction and in fire-proof 
building construction the manufacturers of cement are 
doing a great deal to promote the use of steel. If the 
manufacturers of steel spent as much money in propor- 
tion to the number of dollars of business done to help 
themselves in the way of discovering and advertising new 
uses for steel, they would be expending $12,000,000 a 
year to extend the uses of their own product. That $12,- 
000,000 would represent only a small fraction of a cent on 
each dollar’s worth of business done. We manufacturers 
of cement have found by experience that we get back with 


280 AMERICAN IRON AND STEEL INSTITUTE, MAY MEETING 


big interest all the money we spend in this educational 
campaign. 

I would suggest that the American Iron and Steel 
Institute get into touch with the cement manufacturers, 
who will be glad, I am sure, to meet and co-operate with 
members of the Institute in promoting their common 
interests. (Applause.) 


Presipent Gary: Mr. King got hold of the list pro- 
vided me by the Committee and attempted to erase his 
name as one of the speakers. Are you willing to excuse 
him? (Cries from the members, No. No.) 


PRESIDENT Gary: I am sorry, Mr. King, but we will 
have to call upon you. 


Mr. Kine: Judge Gary and Members of the Institute: 
After this pleasant and instructive day and under the 
influence of this good dinner and congenial company, it 
is easy for every one here to become an optimist for the 
future welfare of the American Iron and Steel Institute. 
I am one of those optimists, for I have great faith in the 
future of the Institution. As a director, I would like per- 
sonally to tell the gentlemen who presented those admir- 
able papers today how much the directors and officers of 
the Institute appreciate their effort, and what care the 
directors are taking to keep those records safely and 
completely, as they believe that in the future many of 
them will be regarded as text-books and authorities on the 
subjects treated. Who can estimate the value of the 
friendships formed at these meetings?’ We cannot put a 
financial value on them, but one of the poets has said that 
friendship is the wine of life and a sheltering tree from 
the storms of life. 

I will close by asking the cooperation of all the mem- 
bers, and particularly of the younger men. I was very 
glad to see so many young men read those papers today. 
It speaks well that men of their age could produce such 
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papers as these are. And I would like to ask your con- 
tinued support of this Institute in every way to further 
its interests, and I know you will be repaid very many 
times in the future. (Applause. 


Prestmpent Gary: It is my pleasure to introduce now 
Mr. Joseph G. Butler, Jr. (Applause.) 


Mr. Butter: Mr. President, Fellow Members and 
Ladies in the upper cireles: I thank you very much for 
this opportunity to deliver an impromptu speech which 
I carefully prepared this afternoon. I think Mr. Schwab 
ought to have been called on ahead of me. 

We have a ministeral association in Youngstown that 
meets once a week. It is composed of all the Protestant 
ministers and three Jewish rabbis and two or three of the 
liberal Catholics. They have at heart the good interests 
of the town above everything. About three weeks ago 
they conceived the idea of taking a religious census of 
the town. They wanted to know just how we stood, how 
many people were really good Christians and how many 
were pretty near Christians and how many were on the 
other side. So they appointed special census takers from 
each church and they came around to our house. I 
didn’t happen to be home when they got there, but Mrs. 
Butler was there on the job, and she happened to know 
this man that was appointed for our street; and he asked 
her about the family, saying, ‘‘Now, I want to know about 
the servants and everybody connected with the house- 
hold.’? ‘‘Well,’’ she said, ‘‘our cook is a Methodist; our 
waitress is a Catholic; our chauffeur, well, he is a Scotch- 
man, and, of course, he is a Presbyterian; [ am an 
Episcopalian.’’ ‘‘But what is Mr. Butler?’’ ‘‘Well’’— 
she thought a while—‘‘he is a McKinley Memorial.”’ 
(Laughter.) 

I listened during the morning session to three able 
papers, the first by our honored president, and it is very 
gratifying for me to feel that an institution, which is 
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supposed to be only connected with the iron and steel 
industry, has at its head a man who can produce a paper 
like that—a state paper, something that will influence the 
entire country. 

I was present when the American Iron and Steel In- 
stitute was formed. There were less than twenty-five 
people present. Our membership now is almost 1,400. 
Our limit has almost been reached. I am proud to be 
one of that 1,400. I don’t believe that any other club or 
association in existence compares with this. 

I know that we are all eager and anxious to hear from 
Mr. Schwab, who came all the way from Bethlehem on 
purpose to talk to us. I met a gentleman who heard 
Mr. Schwab talk to a business men’s association in San 
Francisco during his recent visit there, and he says, ‘‘I 
want to tell you, Uncle Joe, that Chauncey Depew is not 
in it with that man.’’ (Applause.) ) 

The last time I was in Nevada, some two or three 


years ago, Mr. Schwab happened to be there. We all’ 


know that he is a very liberal man. I do not intend to 
make any reference to the McKinley Memorial beyond 
the little story that I told. Mr. Schwab gave me a very 
handsome contribution and told me not to. mention the 
amount, and I won’t. He did not give me a check for it. 
We all know he is a very liberal man. With all these 
shrapnel orders coming in, there is no telling what he 
will do for his country. (Laughter.) But this time, 
while in Nevada, as I said before, we took a ride to a 
mine that he and I have sunk several dollars in. The 
driver had a couple of broken down horses that had seen 
better days. When we reached our destination and 
jumped off the bueckboard, Mr. Schwab handed the driver 
a five-dollar bill. The man looked at the bill and then at 
Mr. Schwab, and said, ‘‘Which one of the horses would 
you like?’’ (Applause.) 


Presipent Gary: Is Mr. George W. Perkins in the 
room? (After a pause.) It is a fact that Mr. Schwab 
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came from Bethlehem this evening to attend this banquet 
and did not come here to make a speech. But I find his 
name on the list of speakers and I will introduce Mr. 
Schwab. (Applause.) 


Mr. Scuwas: Mr. President and Gentlemen: I came 
here this evening expecting to enjoy my dinner without 
the prospect of a speech ahead of me. I thought there 
should be at least one meeting when the representative 
of Bethlehem might be exempt. But Uncle Joe seems to 
have chosen me for a subject this evening, and with a 
few preliminary remarks I will reciprocate by taking as 
my text Uncle Joe Butler. 

While sitting here expecting possibly to say some- 
thing, and feeling rather unhappy about it, I was re- 
minded of what Mr. Depew, whom Mr. Butler spoke of, 
once said to a lady with whom he was examining some 
pictures. One of the pictures showed Daniel in the lion’s 
den. She said, ‘‘Mr. Depew, I don’t understand why 
Daniel should be painted with such a contented and happy 
countenance.’’ ‘‘Well,’’ he said, ‘‘he knew there would 
be no speech after the banquet.’’ (Laughter.) 

IT must take this opportunity of joining with Mr. King 
and Mr. Butler and the other speakers in congratulating 
our president, Judge Gary, upon the best speech upon 
that subject or a kindred subject that I have ever heard; 
not only the best speech, but the most timely speech—a 
speech that will reflect the opinions of the people through- 
out this great country, at a time when such impression 
' is so important and necessary. I have heard nothing 
but the most favorable comments in every direction. 
(Applause. ) 

Now, the Judge asked us to criticise his speech. I am 
going to take him at his word. When I prepared the 
data for that paper for the Judge (laughter) especially 
that part referring to the increase of our navy, it was 
distinctly understood that the Judge was to say that the 
Bethlehem Steel Company is peculiarly well qualified to 
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do that kind of work. Now, he did not make that state- 
ment; so in that respect, and in that respect alone, do I 
eriticise his admirable speech. 

Like the preacher, I have now come to the main sub- 
ject of my discourse, and I think I cannot do better than 
read a letter I received this evening just before I came 
to this meeting. You know the Judge was very optimistic 
and very hopeful in the closing remarks of his address 
today, and I sat thinking of the story of our first meeting, 
and why we should be so hopeful with so many things 
going on in business. And then I read Uncle Joe’s inter- 
view in the paper this morning, in which he said that we 
are going to have the pleasure of ladies in the steel works 
in the years to come. I suppose most of you read that 
interview. I know someone in Mahonoy City read it, be- 
cause this is what he wrote to-me: 


My dear Mr. Schwab: I seen in the paper this morning 
that Joseph G. Butler, Jr., says women will be working 
in the steel mills soon. I write to find out if you could 
get my old woman on the job. If you could put her to 
work some place in the explosive factory I would appre- 
ciate the favor very much. Wages is no consequence, 
and I will not ask for damages in ease of accidents. 
(Laughter.) I don’t know who this man Butler is. I 
bought a mining stock with that name once and [ still 
have it for reasons of my own. Can you tell me whether 
or not this Mr. Butler is suffragetically inclined, as I my- 
self am in favor of women working. I would like if you 
could put my old woman on the night shift. I hope you 
will do this favor. I once worked for the Carnegie Com- 
pany when you was there, and all the boys say if you 
done all the things you say you had done that you 
wouldn’t be where you are today. If you aint in a posi- 
tion to help me, I would consider it a favor if you asked 
Mr. Butler to help me. I never heard of Youngstown, 
the place where he says he lives, but maybe the news- 
papers mispelled the name. (Laughter.) Thanking you 
in advance for getting my old woman a job in that ex- 
plosive factory, I am, Yours truly, Jacob A. Schwarz- 
heimer. (Laughter.) 7 
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Before I sit down I want to add just a word or two of | 
seriousness. Judge Gary has been talking for many years 
about co-operation. He hasn’t said much about it today. 
I think it is about time that some of the rest of us take a 
serious view of this co-operation principle. We must not 
be like the Irishman on the boat who was learning to 
heave the lead before letting the anchor go. The man 
aft was singing out, ‘‘Hight fathoms,’’ and so on, and all 
of this talk was as Greek to the Irishman. He did not 
understand, but, not to be outdone, he uttered some un- 
intelligible words, and so the captain called out to him, 
‘What are you shouting? I don’t understand what you 
say.’’? The Irishman replied, ‘‘Well, captain, I have 
learnt the tune but I haven’t learned the words yet.’’ 
(Laughter.) And so itis with us. We have learned this 
tune of co-operation, but we haven’t learned the words, 
that is, how to put it into practical operation. 

Now, we have come to a time in our business, the 
greatest business in the United States—except cement, and 
it occurred to me while Mr. Hagar was telling about the 
wonderful things that they had done to develop cement 
and we had not done to develop steel, that perhaps they 
needed it. (Laughter.) But let us co-operate; let us do 
so in fact. That storm of adverse sentiment that swept 
over the country for years has vented itself, has expired 
of itself, and we will not feel in the future the unjust 
attacks that we have had to bear. The President of the 
United States has plainly and openly stated that we ought 
to co-operate, and he has promised that our laws are to 
be changed. The world at large has come to realize that 
business is for profit, and development cannot be done 
in any other way successfully, that we ought to co-operate 
much more closely than we have, and that we, the minor 
people in the industry, ought, in view of what Judge Gary 
and his associates have done in the past, to take the lead- 
ing steps for that co-operation in the future. With the 
years of prosperity that loom ahead of us, with the years 
of great product that are to come, it seems to me that 
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that is the time for us to reap the benefit of these things. 

There are some men who acquire riches, some who are 
born to riches, and some who have riches thrust upon 
them. And so it is with the steel business: there are some 
that want orders, there are some that are getting orders, 
and there are some that have orders thrust upon them. 
(Laughter.) In the years to come we will all have orders 
thrust upon us. I believe that we are at the beginning of 
a prosperous era. I do not want to make too many pre- 
dictions, because one day when passing through the mill, 
I heard one man say to another, ‘“‘It is wonderful how 
accurately Mr. Schwab predicted that,’’ and the other 
man answer, ‘‘ Well, he ought to hit it sometimes, because 
he makes so many predictions.’’ But I do believe that 
this is a time, after these three or four years of bad 
times, when we are going to see good business, and let 
the business be good in volume, let it be good in eo- 
operation, let it be good in sentiment, and let it be good 
in the fellowship that exists in the wonderful organiza- 
tion, that the previous speakers have so eloquently de- 
scribed, a fellowship which is destined to grow greater 
and more influential and to bring us closer together 
in the bonds of friendship and business success. (Ap- 
plause. ) 


Presipent Gary: You have been expecting to hear 
from another gentleman, and it is now my pleasure to 
introduce him, Mr. James H. Hoyt. (Applause.) 


Mr. Hoyr: Mr. President, Ladies and Gentlemen: Dr, 
Noland very kindly suggested that we should furnish our- 
selves with proper baths. That reminds me of the story 
of an English gentleman who was very much impressed 
with the bathing facilities with which good American 
houses are ordinarily equipped, and when he went back 
home he installed in his country place a very fine roomy, 
porcelain bathtub, and all the necessary accessories and 
fittings. Shortly afterwards an American gentleman 
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visited the Englishman. After taking the American to 
his home, the Englishman said, ‘‘You know, I have a 
surprise for you. You will not now have to bathe in the 
tin tub. I have installed a bathroom of the American 
kind, porcelain, tub, shower, and all that, hot and cold 
water and stopper and everything that goes with it. It 
is right next to your room, and I hope you will avail 
yourself of it.’’ The next morning when the American 
came down the Englishman said, ‘‘ Well, I suppose that 
you have availed yourself of the bathing facilities and 
the hot and cold water and the shower and the rest of it?”’ 
‘**No,”’ said the American, ‘‘T didn’t. I bathed this morn- 
ing in the tin tub that your man brought to my bedside.’’ 
‘*God bless my soul, I go to all this expense and trouble, 
and then you do not avail yourself of it,’’ said the 
Englishman. The American said, ‘‘I went to the bath- 
room this morning, but when I opened the door I found 
‘your wife in the bathtub.’’ The Englishman said, ‘‘No, 
did you? God bless my soul, she’s a skinny old thing, 
isn’t she?’’ (Laughter.) 

Another story that Dr. Noland reminded me of was 
that of a New York lady who was extremely extravagant 
and spent much money on millinery and dressmaking 
establishments. Her husband finally said that he would 
decline to pay the bills, and if necessary he would adver- 
tise publicly that he would not be responsible for her ex- 
travagance. So the next month there were no bills from 
the millinery and dressmaking places, but a large bill 
came in from Fleischmann’s turkish bath. He looked at 
the bill and said to his wife, ‘‘ How is this?’’ and she said, 
‘Where else can a lady go who has nothing to wear?’’ 
(Laughter.) 

I did not have opportunity to listen to that very ster- 
ling address of our President this morning, but I had 
the pleasure of reading it yesterday as our Secretary 
was good enough to send me advance sheets. It was an 
admirable, splendid address. I agree with our President 
absolutely, that the clouds are breaking away and that 
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good business, intelligent business and honest business 
will now be favored and not be jeered at or too much 
restricted. The time of the demagague and the man 
who speaks on the head of a barrel is passing away, and 
there are two very prominent citizens of the United 
States who, in my judgment, are as much responsible for 
this condition as any other men. One is the President 
of this institution. (Applause.) He has aided not only 
by what he has said, but by what he has so constantly 
done. His sanity, his fairness, his magnanimity, his spirit 
of conciliation, his organized attempt to co-operate im all 
great business enterprises has been a beacon light to 
show the people how important it is to understand that 
the country cannot be prosperous unless capital is well 
invested and is fair. The old adage that silence is golden 
and speech is silver is sometimes reversed. Of course, 
there are times when argument is as hopeless as an argu- 
ment with a jellyfish. An argument with the people of 
the United States when the whirlwind of passion arouses 
them to a fit of hysteria is also useless, and anybody who 
attempts to argue at a time like that is a good deal like 
the little dog who saw the cyclone coming and barked at 
it and was blown inside out. But there is a time when it 
is well to reverse that old adage, when silence no longer . 
is golden, but speech is golden and the time has arrived 
now, as Judge Gary says. 

The other gentleman who is largely responsible, in 
my judgment, is the best ex-President we ever had in 
this country since the time of George Washington. I refer 
to Judge Taft. (Applause.) He told me a story the other 
day which illustrated a change of mind—how people who 
had been hostile at one time had come to the conclusion 
that they made a mistake. He said that when he was a 
member of the Cabinet of Mr. Roosevelt, a letter was 
received one day dated Laramie Prison, written by one 
of the Rough Riders of the Colonel, in which the writer 
said, ‘‘IT am in awful trouble again, and this time they 
done me wrong, They got me in jail for shooting a 
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lady in the eye. God knows I wasn’t shooting at her at 
all. I was aiming at my wife.’’ (Laughter.) 

If you will bear with me a moment, I would like to 
Say something on a phase of another subject. We are 
not like the Irishman who rushed into a saloon, and 
finding a fight going on between two individuals, threw 
his hat on the floor, and said, ‘‘Is this a private fight or 
can any one go into it?’’ We do not want to get into a 
fight, but for a reason which has been stated by the great- 
est man in the world, George Washington, we want to 
be prepared. The more I read of George Washington’s 
biography the more I am impressed with his greatness 
and with his sanity, and in his first inaugural message 
this is what he says—and in the present juncture it is a 
thing that every American ought to remember. He said 
to the Congress: ‘‘The respect of the nations of the world 
for the United States government will be withheld if not 
absolutely lost if we permit_a reputation for weakness to 
prevail. If we desire to avoid invasion, we must be ready 
to repel it. If we wish to secure to ourselves lessons of 
peace so essential to us in our rising prosperity, we must 
be prepared for war.’’ That sentiment was uttered more 
than a century ago, but it is just exactly as true today 
as it was then. I have no use for an army or navy for 
“aggression: I have every use for an army and a navy 
for defense. Gentlemen, our army and navy are both 
in a lamentable condition. The glowing expectations of 
the Secretary of the Navy so publicly, eloquently perhaps, 
expressed on the seventh of this month have now been 
taken back. Lieutenant-Commander Sterling was right 
and the Secretary of the Navy was wrong with reference 
to the conditions existing with regard to our submarines. 
Our army, what is it? Why, the officers of the German 
army were in number—or were before this war began— 
more than twice the entire available regular army and 
fighting trained force of the United States. Now, we 
are fortunately very well placed, but while we are not 
anxious to bombard the cities of any other nation now—— 
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I emphasize the now because that desire was not so 
apparent when we sent an army and a fleet to Vera Cruz 
because of their failure to salute the flag, and then with- 
drawing apparently forgetting the real object of our 
going there—but now we do not wish to bombard the 
cities of any other nation. But if any other nation pro- 
poses to bombard us we should be prepared, and we 
ought to have an army, not too large an army, but an 
army large enough to defend the United States in case of 
attack. We do not propose to attack anybody else, but 
we ought to be prepared for defense against attack. 

I agree with the President on that, and I agree with 
one other statement that was made, that in time every- 
thing would right itself, and that the prospects were 
bright. In closing let me quote from William Cullen 
Bryant, who said: 


Truth crushed to earth shall rise again, 


and I think, ladies and gentlemen, that the time has 
arrived in this country when attacks on great business, 
honest business, intelligent business and progressive busi- 
ness has been found by the people of the United States 
to be an error, and that error, has, I trust, at any rate 
for the present, received its body blow. 


Present Gary: Gentlemen, we have kept our 
promise. Our program is finished. I thank you for your 
presence during the day. Especially do I thank the 
young men who have prepared and read such splendid 
papers on technical subjects. I am very grateful for 
the kind words which have been said concerning your 
President. They are undeserved, but they show a feel- 
ing of friendship which is more valuable and more ap- 
preciated than anything else that could be rendered. IT 
bid you good night. 


—_— 
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NINTH GENERAL MEETING | 


CLEVELAND, OHIO, OCTOBER 22 AND 23, 1915 


The Ninth General Meeting of the American Iron and 
Steel Institute was held at Cleveland, Ohio, on Friday 
and Saturday, October 22d and 23d. The attendance was 
larger than at any previous meeting, numbering over five 
hundred members. In addition there were over one hun- 
dred guests of members at the day sessions and the 
banquet. é 

The sessions were all held in the Grand Ball Room of 
the Statler Hotel, which was found well adapted for such 
a meeting. The papers measured up to the high standard 
set by previous meetings. On the next page will be found 
the program of papers. 

Saturday was devoted to seeing Cleveland. The 
Local Committee, of which Mr. Samuel Mather was chair- 
man and Mr. John A. Penton, secretary, had mapped out 
a very interesting day. It began with a visit to the plant 
of the White Automobile Company, which was followed 
by a visit to the dock of the Ohio and Western Pennsyl- 
vania Dock Company, where the members had the oppor- 
tunity of witnessing the unloading of iron ore from the 
J. Pierpont Morgan. Four Hulett solid arm unloaders 
and one Hulett storage bridge were seen in operation. 
Each unloader has a pocket capacity of 17 tons and the 
entire plant has a capacity of 3,000 tons per hour in un- 
loading a modern vessel in its entirety. On July 2, 1915, 
this plant unloaded the steamer James A. Farrell, taking 
out 11,183 tons of iron ore in 3 hours and 30 minutes, the 
vessel being tied to the dock only 3 hours and 40 minutes. 

The members were guests of the Cleveland Country 
Club for luncheon, after which those who felt so disposed 
had the freedom of the club grounds for playing golf. It 
is the verdict of those. who attended the meeting that 
Cleveland lived up to her high reputation for hospitality. 
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ADDRESS OF THE PRESIDENT 


E.sert H. Gary 


Chairman, United States Steel Corporation, New York 


PUBLICITY 
“The public be damned.” 


Many years since it was cpenly charged that this ex- 
pression was used by a business man of great prominence. 
There has been a-prevalent belief that the charge was 
based on fact and it has caused a feeling of prejudice 
which has been exceedingly harmful to the business in- 
terests of the country. 

It is doubtful if the statement was ever made by any 
one of great importance, particularly by the gentleman to 
whom the same was attributed. Whatever the truth may 
be in regard to this well-advertised and much-discussed 
expression, it is no doubt true that the sentiment which 
it conveys has in days gone by existed in the minds and 
actuated the conduct of a considerable number of the lead- 
ing business men of this country and other countries dur- 
ing various periods of their history. Included in this 
class are men of intelligence and influence in all the 
various departments of industrial activity. 

Within a few years, comparatively speaking, we have 
listened to the arguments of distinguished business men 
who insisted that if they violated no rule of law, if they 
withheld from the public nothing which the law positively 
and affirmatively compelled them to disclose, they were 
without fault, even though a large portion of the public 
might be adversely affected by a failure to reveal informa- 
tion which might be received in an official or fiduciary 
capacity or as the result of circumstances which gave to 
an individual a decided advantage over others. Most of 
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us know of cases where officers of corporations have ac- 
quired wealth by acting for themselves to the prejudice of 
others who were interested and were not in a position to 
protect themselves because of the lack of publicity. Some 
have dealt, to their great advantage, in the markets of the 
world upon advance knowledge of what might be expected 
as the outcome of conditions or facts not generally known 
at the time and before the facts were communicated even 
to the other stockholders. They violated no rule of law 
and, probably, in their opinions, no rule of moral conduct. 
This is a charitable view to take. 

It has in the past been considered by men of probity 


and high standing that private corporations, so called, as 


distinguished from public or quasi-public corporations, 
were literally private and that the public had no greater 
right, legal or moral, to inquire into the affairs of the 
corporation than it had to question the personal matters 
of the individual or family. Sometimes the management 
of corporations, including the boards of directors, have 
withheld from the general public facts which directly 
affected the public interests, and even though no rule of 
law was violated, yet widespread harm was done. In 
many cases men of prominence and influence have been 
totally indifferent and defiant when considering the pub- 
lie welfare. 

It is needless to say that, because of this attitude on 
the part of some of the business men, the whole fraternity 
has -been seriously affected and has suffered unjustly. 
For a period of years big business, so called, the good 
with the bad, was antagonized to an extent which materi- 
ally interrupted its normal and legitimate progress; and 
it is believed this was occasioned in part by the suspicion 
created from the failure to take the public into the con- 
fidence of private enterprise so far as practicable and 
proper. 


The general public and private individuals have been — 


in the past too far apart for the good of both. Lack of 


knowledge often breeds unnecessary and hurtful an- 
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tagonisms, and many have suffered even though they were 
not personally at fault. 


PRINCIPLES OF PRopEeR Pusuicity. 


These casual remarks are preliminary to a brief dis- 
cussion of the topic of publicity which is one of the most 
important questions of the day. Much has been said and 
written upon the subject during the last few years, and 
apparently there have been contrary opinions. It is be- 
lieved, however, that there is really not much difference 
in the minds of intelligent and fair-minded men as to 
what is desired, although in the consideration of any im- 
portant question there will be found those of extreme 
views who, on one side or the other, will insist upon that 
which is unreasonable.. If the public is approached in a 
fair spirit it will generally reciprocate. (Applause.) 

There are from time to time many facts in private 
business, some of great importance, which cannot 
properly be made public and ought not to be insisted 
upon. All who are present know by actual experience, 


- and every other intelligent person will recognize the fact, 


that in current business affairs where competition is 
essential, there are always a great variety of questions 
which must be treated as private and withheld from pub- 
lication in order to stimulate business and accomplish 
suecess. This is and will always be the rule, though there 
may be exceptions in order to meet the exigencies of 
special conditions. If a man in business should open 
every detail to the inspection of all others he might 
seriously interfere with his own progress and benefit no 
one, except such as might be disposed to profit unfairly 
at his expense; while, if he declined to disclose these pri- 
vate matters, nobody would be injured. Neither the pub- 
lie nor any one except the individual person or corpora- 
tion involved is entitled, on any ground, to possess the 
kind of information now under discussion. It is not 
necessary to specify the facts pertaining to individual 
affairs which are strictly private; any man may apply the 
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principle to his own matters. Perhaps it is impracticable 
to draw a definite line between the facts which should be 
given to the public and those which may be considered 
private; and quite probably there should be an impartial 
public tribunal to determine; but this is another question. 
‘“The public’? as used might comprise large or small 
numbers. 

It is not practicable to determine a standard for pub- 
licity which is exact and applicable to all cases. Cireum- 
stances and conditions must be considered; but a general 
rule may be stated thus: There should be published what- 
ever of business matters the public is legally entitled to 
know and also whatever may affect the public interest 
and may be exposed without detriment to the corporation 
or individual conéerned. 


Proper Lecisuation Recarpine Pus.icrry. 


Legislation or administration of laws or any practice 
of governmental agencies that seeks to go further than 
this rule is vicious and should be condemned. I believe 
thoroughly in publicity, so far as it is practicable and 
proper. We should not be like owls. It should go with- 
out saying that the officials of a corporation ought to 
keep the stockholders promptly and fully informed, so 
far as possible, without damage to its current business. 
They have no moral right to profit individually to the 
detriment of other stockholders as the result of informa- 
tion officially obtained. (Applause.) 

However, during the present decade there has been a 
pronounced change in the attitude of large business inter- 
ests concerning the disclosure of facts and figures to the 
general public. Many now, voluntarily and without the re- 
quirement of law, make regular and complete reports so 
that any one interested may know the results of the busi. 


ness and the general policy of the company; and whenever. 


requested by representatives of the press they furnish 
facts in corroboration or denial of rumors which are con- 
sidered important when the information can be given 
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without prejudice to the business and appears to be of 
concern to the public. Probably it will not now be denied 
that the average business man is quite disposed to be 
accommodating in this respect. 


Wispom or ReasonaBLe Pusuicrry or Business AFFAIRS. 


And what follows? It will not be questioned that the 
great business interests of the country have been benefited 
by this change in disposition toward the public which has 
become less distrustful of capital and its controlling in- 
fluences. It has been more considerate of the rights and 
claims of those engaged in great enterprises and less 
inclined to listen to the plea of the demagogue. Indeed, it 
has patiently and fairly heard and read all that has been 
said in favor of granting relief to any concern that sought 
assistance on a fair and reasonable basis; and not infre- 
quently, because of a public sentiment that the request 
was just it has been granted. Included among those 
who have seemed to change their opinion toward the 
business interests are multitudes of wage earners, of busi- 


ness men of small means, of educators, lecturers and - 


editors, of the ‘leading thinkers, writers and public 
speakers of the country. There is abundant evidence that 
at present the great general public is willing to meet half 
way the individual or the corporation in the determina- 
tion of all questions that affect private or public interests. 

Ts it too much to urge that from every standpoint it 
pays the business man or any man possessed of informa- 
tion which affects the public weal, to disclose the same so 
far as practicable and reasonable? Is it too much to insist 
that publicity is the cure for many of the ills from which 
the country has been suffering in the past? Publicity has 
never done as much harm.as secrecy. The individual or 
the corporation with a disposition to publish whatever 
facts were proper to-be known has, without many excep- 
tions, been treated justly; while those who have been 
aeseat: arrogant and secretive have suffered. So far as I 
can see, the great business men of this country are, at the 
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present time, in close contact with the public. They are 
striving to work together for the good of all. We shall 
see great and favorable results. (Applause.) 


Proper Pusuiciry on Part or Pusric OFFICIALS. 


These observations relating to private men and enter- 
prises apply with equal force to public officials, to munici- 
palities, states and governments. The public is entitled 
to know what public officials are doing and what policies 
are being considered or enforced, though, of course, it 
may, and often does happen, in individual cases, that 
information cannot be generally given out without injury 
to the cause involved; and in such cases the responsible 
official must withhold publicity temporarily, and, possibly, 
in some cases, permanently. It is fair to say, public offi- 
cials have often been as indifferent to the rights and inter- 
ests of the general public as private officials or persons 
have been. It would be better for all concerned if the offi- 
cials of municipalities and even states and countries were 
more inclined than they have generally been to confide the 
- knowledge in their possession to the people at large. 


Proper Pusiicrry Woutp Have PRevENTED PRESENT War. 


This idea has peculiar application to the present situa- 
tion in Europe. If the masses of the people of the differ- 
ent nations engaged in the terrible conflicts that are now 
waging in Hurope were fully informed of all the facts, is it 
to be supposed the wars would be much longer continued? 
If they and every one of them, in the armies or at home, 
knew, as now published in our newspapers, that the daily 
cost of the war is eighty-five million dollars, or at the rate 
of thirty billions per year, an annual interest burden, at 
five per cent., of one billion five hundred million dollars, 
and that the indirect loss is about as much more; if they 
were aware that, on the basis of the war being prolonged 
to next February, there will have been killed in battle 
at least five million men, deaths from sickness two 
million, five hundred thousand, and permanently crippled 
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five million more—and these the very best; if they 
could see that seventy-five per cent. of the men in the 
armies who survive will never fully recover, physically 
or morally, from the effects of their service and associa- 
tion; if they realized that their countries are drifting, 
nay, speeding, into bankruptcy and must necessarily here- 
after and for many years be at a decided disadvantage in 
the race with other nations for progress and success; if 
they understood that on the present basis of pension pay- 
ments in the United States the amount to be paid for this 
purpose in consequence of the war will approximate one 
billion dollars per year; if the leaders, the monarchs, the - 
few who plan and control and command and know in ad- 
vance and in detail what has been and is being done and 
is intended for the future, were to communicate all the 
facts to the public, when it could be done without preju- 
dice to the daily conduct of the war; if all these startling 
facts and figures were of universal knowledge, would not 
the people, including the soldiers in the ranks, rise up in 
such vigorous protest against a continuance of the con- 
flict as to compel the men in control to find some way 
of bringing it to a satisfactory termination and for the 
establishment of a basis which would prevent future, pro- 
longed wars? If, indeed, before the wars were started 
the masses of the people of the different countries had 
been informed that wars were to be started, and the rea- 
sons or lack of reasons for starting them, mouse they have 
submitted to their precipitation? 

Tt is not too much to demand that the people should 
know the reasons for the commencement and the continu- 
ance of the pending wars and they should understand the 
awful consequences. Those who are directly affected and 


‘must bear the burdens are, in a large meusure, ignorant 


of the facts which have been suppressed, partly at least, 
because knowledge of those facts would prevent a con- 
tinuance of the most stupendous, if not the most unrea- 
sonable, destruction of life and property the world has 
ever witnessed. 
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I leave this subject by proposing as a substitute for 
the quotation referred to at the beginning of these re- 
marks the following from the Bible (Romans XIV:7): 


“For none of us liveth to himself, and no man dieth to himself.” 


Present Bustness ConpitIons. 


The business men of this country, particularly those 
engaged in the iron and steel trade, have reason to be 
thankful for the present conditions, which are very pros- 
perous. The furnaces and mills are generally operating 
to full capacity and prices received for many, if not most, 
of the commodities produced are larger than they have 
been during the last few years and should result in profits. 

We are at peace with all the world and it seems likely 
that the wise policy which has permitted this state of af- 
fairs will be continued. We sincerely hope and pray that 
the wars which are raging in Europe may soon be brought 
to a close and a basis reached for the prevention of pro- 
longed wars in the future. 

Apparently we are to have a period of industrial peace 
in this country. Many of the antagonisms, which have 
hitherto been so hurtful and which have prevented natural 
business growth, have disappeared and legitimate busi- 
ness will, therefore, have opportunity to progress in 
accordance with its deserts. 

No doubt the sudden and marked improvement in 
conditions during the last six months is due, in a large 
measure, directly or indireetly, to the purchasing necessi- 
ties growing out of the wars; but there are other reasons. 


THe Furure or tur Unrrep STATEs. 


The total wealth of the United States, according to 
the last published figures, is more than one-fourth of the 
aggregate of all the nations and it is rapidly increasing. 
Many of us believe that we may become and remain the 
leading nation, financially, commercially and industrially, 
provided nothing unnecessary is done by our people to 
prevent. Personally, I do not agree with the statements 
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which have been made that, at the close of the wars, we 
may expect in this country a prolonged continuance of the 
great prosperity now experienced; especially if we do not 
have protection against the results of cheap labor and the 
impoverished conditions abroad, which are inevitable. I 
do think that, with wise administration and with the co- 
operation of the state and national governments, our in- 
dustries will be able to recover from the injurious effects 
of the wars much more rapidly than those of any other 
country, and that within a few years we shall be more suc- 
cessful than ever before. 

The value of good crops we all understand and appre- 
ciate. Evidently the seasons’ crops are, in most respects, 
excellent and with a good market therefor the farming 
communities will be prosperous and the country at large 
will be benefited. 

The American Iron and Steel Institute is to be con- 
gratulated on the good work it is doing and the high repu- 
tation which it deserves and has secured and particularly 
on the splendid services which are being rendered by the 
young men, including those who are producing at our 
meetings, for our benefit, most admirable discussions of 
various topics which directly affect our industry. (Ap- 
plause.) 

Preswent Gary: Is there any discussion of the Presi- 
dent’s address? (After a pause.) The Secretary has 
some announcements to make. 

Secretary McCuzary: Big cities, like big men, are 
proverbially generous when they know the facts. Cleve- 
land is a big city. It knows the Institute. It wishes the 
members of the Institute to feel at home here. The 
Cleveland Committee has spent a great deal of time pre- 
paring for this meeting. Among other things it has ar- 
ranged that at the various clubs, the members of this 


‘Institute shall be members pro tem without any bills com- 


ing in later. If you wear your button, or, in the absence 
of the button, take your card showing that you are going 
to be at the banquet, either is an open sesame. You can 
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order whatever you want, sign a check, and forget it. 
(Applause.) If you find a gentleman with one of these 
blue ribbons in addition to his official button, you may 
understand thereby that he is one of Cleveland’s enter- 
tainment committee. Just ask him for anything you de- 
sire. In case you forget what I am now telling you, you 
will find it all in this program, a copy of which you can 
get at the desk of the Secretary in the registration room. 

A number of the members are in the habit of bringing 
their wives with them to these meetings. Cleveland 
wishes these ladies to feel at home, and has made ar- 
rangements to that end. A luncheon for the ladies has 
been provided at the Union Club, across the street from | 
this hotel. For the gentlemen a luncheon at the Country 
Club has been provided. Both luncheons today, at one 
o’clock. (Applause. ) 

Prestpent Gary: We shall now have the pleasure of 
hearing something about ‘‘Cleveland and Its Industries,”’ 
by Mr. Samuel Mather. 


CLEVELAND AND ITS INDUSTRIES 


SaMvUEL MaTHER 


Pickands, Mather and Company, Cleveland, Ohio 


Those of your membership resident here in Cleveland 
are delighted to extend to you a most cordial and hearty 
welcome. We are very much pleased that you elected 
to have your October meeting here; and, while no public 
reception by the Mayor, or the Chamber of Commerce, 
or the citizens of Cleveland generally, has been arranged 
for, yet I assure you it is not because they fail to appre- 
ciate the honor of your coming, but simply because the 
resident members knew from past experience that your 
time would be entirely taken up in the transaction of 
your own business, and in the sight-seeing trips that 
have been planned for tomorrow. 


‘STs WESTERN RESERVE.’’ 


The subject that has been given me for my short 
address is, ‘‘Cleveland and Its Industries.’’ Like most 
American cities west of the Alleghenies, Cleveland has 
no long history to look back upon; she is still in the 
heyday of youth. At the conclusion of peace with Great 
Britain, after the Revolutionary War, the vast area lying 
beyond the Allegheny Mountains and bordered on the 
west by the Mississippi River, belonged generally, of 
course, to the thirteen states. There were many ciaim- 
ants to this vast tract of land, but by 1785 all of these 
claims were amicably settled, excepting those of Con- 
necticut; but after considerable controversy, Congress 
settled with Connecticut also, by deeding to her the land 
between the forty-first and forty-second degrees and 
two minutes north latitude, for a distance of 120 miles 
west of the western line of Pennsylvania. This tract 
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of land was the famous ‘‘Connecticut Western Reserve,’’ 
which became within a quarter of a century after its 
creation the home of a transplanted New England. Part 
of this tract, at the extreme westerly end of the Reserve, 
was donated to those citizens of Connecticut who had suf- 
fered by the burning of their homes by the British during 
the Revolution. The balance was sold, in 1795, to some 
thirty-five or six citizens of the state for the sum of 
$1,200,000. These purchasers pooled their interests and 
formed the Connecticut Land Company. The following 
year—1796—they sent out a surveying party under the 
command of General Moses Cleaveland, of Canterbury, 
Connecticut, which party arrived at the mouth of the 
Cuyahoga River on July 22, 1796, and on the 16th of 
September of the same year began their survey of the 
land where the city of Cleveland now stands. 


‘*CLEVELAND, THE Sixt Ctry.’’ 


While, no doubt, it would be overlooked by you, yet 
I feel I should hardly be pardoned by my fellow-citizens, 

_ who may be present, if I delayed longer to make mention 
of the fact that Cleveland is at present the sixth city of 
the United States in population, which was estimated by 
the United States Census Bureau here, on July 1, 1914, 
at 639,431; and the fifth city of the United States in the 
value of manufactured products, according to the United 
States census of 1910. It was in 1820 that the village of 
Cleveland was incorporated, with a population of 606 
inhabitants; and it was in 1832 that the canal from 
Cleveland to Portsmouth on the Ohio River—a distance 
of 309 miles—was completed, which gave Cleveland its 
first impetus of growth through the facilities of communi- 
cation with the other portions of the state thus obtained. 
In 1834 the Cuyahoga Steam Furnace Company was 
incorporated under the first state charter issued to a 
Cleveland manufacturing concern, and it was the first 
iron industry in Cleveland or vicinity to use steam instead 
of horse-power for ‘‘blowing’’ its forges and furnaces. 
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In 1841 this company made cannon for the United States 
Government, and at this plant was built the first locomo- 
tives used by the Cleveland, Chicago and Cincinnati Rail- 
way; and there also the machinery for the first successful 
lake screw propeller, called the ‘‘ Emigrant,’’ was built. 


Surp-BuiLpING ON THE GREAT LAKES. 


Ship-building on the Lakes received its first impetus 
from the War of 1812, when ship carpenters were brought 
to the Lakes to build the stanch fleets that added so much 
to the glory of American valor. From this early begin- 
ning, ship building in Cleveland and the neighboring 
harbors progressed, slowly at first, until after the open- 
ing of the Sault Ste. Marie Canal, and then more rapidly, 
until in 1882 the first iron freight steamship intended 
for the carrying of ore and grain, was built in Cleveland 
by the Globe Iron Works, and called the ‘‘Onoko.’’ At 
the present time Cleveland is the headquarters of The 
American Ship Building Company, and at their works 
here and at neighboring Lorain, Cleveland outranks all 
other American cities in the production of steel ships. 

It was undoubtedly owing, however, to the discovery 
of copper and, more particularly, iron ore in the Upper 
Peninsula of Michigan, which latter was first discovered 
on September 19, 1844, at the Jackson Mine, Negaunee, 
and to the opening of the Sault Ste. Marie ship canal, 
in 1855, that contributed most to the great growth of 
Cleveland, for this city then became the natural meeting- 
place of the bituminous coal from the coal fields of 
Southern Ohio, Pennsylvania and West Virginia, and 
the iron ore from the Lake Superior district. The Jack- 
son Iron Company shipped the first ore, in six barrels, 
in 1852, but The Cleveland Iron Mining Company, in 
September of the following year, shipped the first cargo 
of ore, amounting to 152 tons, to The Sharon Iron Com- 
pany, at Sharon, Pennsylvania. This, of course, was 
before the completion of the Sault Ste. Marie Canal, and 
it was portaged over the falls. From this small begin- 
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ning has sprung this vast industry, so familiar to all of 
you, until in 1913 the shipments amounted to between 
49,000,000 and 50,000,000 tons, and the size of the boats 
have increased from 152 tons to boats of the class that 
you will have opportunity to inspect unloading tomorrow, 
with a capacity of 13,000 tons. 


BEGINNING OF THE STEEL INDUSTRY. 


Between 1850 and 1860, Henry Chisholm and the two 
Otises, William A. and Charles A., started their iron 
and steel works—that organized by Mr. Chisholm becom- 
ing The Cleveland Rolling Mill Company and today being 
a part of The American Steel & Wire Company, and 
that organized by the Otises having become The Otis 
Iron & Steel Company. I am advised that the first 
Bessemer steel blown at Mr. Chisholm’s plant, in New- 
burgh, on October 15, 1868, was prior to the making of 
Bessemer steel in Pittsburg by several years. I might 
mention many other names, well known in Cleveland, 
who were also pioneers in the iron and steel industry in 
this city, but my time does not allow me to go into this 
matter further. 


BEGINNINGS OF THE PETROLEUM INDUSTRY. 


It was in 1860 that we find the first suggestion of the 
petroleum industry, novel at that time, of which Cleveland 
was the cradle, and with whose astonishing history the 
name of this city is inseparably associated. In 1861, 
Mr. John D. Rockefeller and Henry M. Flagler formed 
their partnership, and in 1870 expanded into The Stand- 
ard Oil Company, with Cleveland as its headquarters. 
For a long time it was one of the leading, if not the 
leading, industries of Cleveland; but today the oil indus- 
try ranks sixth in the total value of its products—the iron 
and steel industry coming first with a total value of 
manufactured products, according to the 1910 census, 
of $76,000,000, employing over 28,000 men. Next in rank 
to iron and steel comes the automobile industry, which, 
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against nothing reported in 1900, showed a value of prod- 
ucts in 1910 of $21,400,000. Today Cleveland stands 
second in the United States in this new and vast industry. 

Slaughtering and meat packing is the third industry 
in importance in Cleveland, and the fourth in order is 
the manufacture of women’s clothing. Berlin and New 
York only are larger producers of women’s outer gar- 
ments than Cleveland, which has three of the four largest 
producers of these artistic garments in the world. My 
immediate auditors may not be particularly or keenly 
interested in this fact, but I suggest that you store it 
away in your memory and tell your wives and daughters ; 
and I should like to add this fact, that, in the excellence 
of buildings and equipment in this industry, Cleveland 
leads the world. . 

Very near Cleveland are situated also the Berea and 
Amherst sandstone quarries, which, I am told, are the 
largest quarries of that character of building stone in 
the world. 

There are more than 42 extensive lumber yards in 
this city, over two-thirds of which are along the Cuya- 
hoga River, where admirable facilities exist for unload- 
ing shiploads of lumber; and by far the greater portion 
of this lumber is worked up in the building trade indus- 
try, and the manufacture of furniture, window sashes, 
automobile bodies, sewing machine cabinets, etc. 


‘<5 Crry oF VARIED INDUSTRIES.’’ 


The industries of Cleveland, in fact, produce such a 
large number of different articles that, in the commercial 
world, it has become known as the ‘‘city of varied indus- 
tries.’? I shall not take the time for going too minutely 
into these; the most of you, yourselves, know quite as 
much, if not more, about the iron and steel industry in 
Cleveland than I do myself. 

You know there are ten blast furnaces here with an 
average output of 120,000 tons monthly; that, because of 
its vast output of nails, spikes, screws, tacks, drills and 
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bolts, Cleveland has been called ‘‘The Sheffield of 
America’’; that many kinds of steam hammers, lathes, 
punches, rolls, drills, shears and forges are built here; 
that there are large manufactures of copper, tin and 
sheet iron, and of brass and bronze; that it outranks all 
other American cities in the production of wire and wire 
nails, electric carbons, bolts and nuts, dry batteries, sew- 
ing machines, malleable castings, heavy machinery, and 
many other articles. In a word, the statistics of 1910 
show that Cleveland produces considerably more than 
2,000 different kinds of manufactured articles, in 2,148 
establishments, engaging approximately 100,000 wage 
workers, with the manufactured products valued ai 
$272,000,000. 

It is impossible to go, in the short space of time 
allotted me, more minutely into details; but I cannot 
avoid calling to your attention the fact that the great 
Lick and Yerkes telescopes were made in Cleveland ; 
that the largest manufacturer of paint in the world is 
The Sherwin-Williams Company, of Cleveland; and that 
the pioneer manufacturer of unloading machinery is 
situated in Cleveland—The Brown Hoisting Machinery 
Company. The Hulett ship unloader is also manufac- 
tured here. 


LAND AND WATER TRANSPORTATION, 


Seven trunk lines of railroad, many lines of passenger 
boats, besides freight boats, five electric lines and 130 
miles of paved roads leading into the city, constitute our 
main traffic advantages, to which should be added The 
Cleveland Short Line Railway, a belt line recently com- 
pleted at a cost of $18,000,000, which makes a circuit of 
19 miles around Cleveland, intersecting every railroad 
entering the city at a point near their yards, without 
crossing any street railroad lines or thoroughfares at 
grade. It is said that this is the shortest and most 
convenient belt line in any American city, with the easiest 
grades. 
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The development of Cleveland’s outer and inner har- 
bor has also received especial attention—about $6,000,000 
having been expended by the United States Government, 
chiefly in the construction of the breakwater protecting 
the outer harbor. The city of Cleveland has expended 
upwards of $3,500,000 in the improvement and mainte- 
nance of the Cuyahoga River, which is now navigable 
for boats drawing 20 feet of water, for a distance of 
about four and one-half miles. $1,000,000 more has been 
voted for immediate further improvement of river navi- 
gation. The total tonnage of all freight received by 
lake in 1914 was 9,900,000 tons, and the shipments 
amounted to 9,300,000 tons. The freight received by 
rail amounted to 20,300,000 tons, and the shipments by 
rail were 12,000,000 tons. This includes shipments of 
about 4,000,000 tons of bituminous coal. 

An ordinance to be voted upon by the electors on 
November 2d, will, if passed, give the city the ownership 
of the lake front opposite the center of the city, for a fur- 
ther distance of approximately a mile; and, if this ordi- 
nance is approved, undoubtedly great improvement in 
the outer dock facilities may be looked for. 

Banking facilities are, of course, an important factor 
in the development of any community, and the establish- 
ment of the Federal Reserve Bank of the Fourth District 
at Cleveland is a recognition, in part at least, of Cleve- 
land’s sound banking record, and of its industrial and 
commercial development. The deposits in Cleveland 
banks on June 15th were $335,000,000, more than one- 
third the total deposits in all the banks of the State of 
Ohio. 


CLEVELAND a Crry or Homes. 


Cleveland has a temperate climate, and has the lowest 
death rate of any of the ten largest cities of America. It 
has a new charter, adopted in 1913, which provides for 
a government based on the federal plan, concentrating 
authority in the chief executive, the mayor. The increase 
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in population from 1900 to 1910 was 47%. It is estimated 
that 25% of the population are born of native parents; 
10% have one foreign parent; 30%, while native born, 
have foreign parents, while the remaining 35% are for- 
eign born. 

Cleveland also has been in a happy condition in regard 
to its labor market, having an excellent supply of high 
grade labor at all times. It is a city of workingmen’s 
homes. The British Board of Trade, in reporting on 
working-class rents, housing, ete., in the United States, 
commented very favorably on the workingmen’s homes 
in Cleveland. The census of 1910 showed that over 399% 
of Cleveland homes were owned by their occupiers. 

Like most American cities, Cleveland has excellent 
public schools for the education of its children, including 
commercial and industrial high schools; with excellent 
private schools; and for higher education, we have 
Western Reserve University, with its eight departments, 
and the Case School of Applied Science; also a good 
School of Art; and before the year closes will be opened 
the Cleveland Museum of Art, a beautiful marble build- 
ing in Wade Park. The city is rapidly extending its sys- 
tem of playgrounds, and is encouraging the use of its 
parks. There are more than 2,000 acres of public parks, 
with 41 miles of connecting boulevards. With the recent 
adoption of Eastern Time in Cleveland, which gives us 
an hour more of daylight after working hours, it is sur- 
prising to note the increasing number of people that 
avail themselves of the opportunity of out-door recreation 
in the parks. 

Two things more I must mention before releasing you. 
It is not often that a citizen of Cleveland gets so good 
an opportunity to talk about the city of his birth, of his 
home and of his affection; but I feel that T must make 
mention of the public libraries of Cleveland, because sta- 
tistics show that Cleveland stands third in the number 
of volumes issued from the public libraries, and first in 
the circulation of books per capita of its inhabitants. 
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CLEVELAND’s ‘‘Group Puan.’’ 


Lastly, I wish to speak of Cleveland’s group plan, 
which reflects the progressive spirit of the people, as 
our city I think was the first in America to undertake the 
erection of its public buildings in a related group. Our 
group plan was prepared by three of America’s greatest 
architects. The Federal buildings will be grouped about 
a mall or broad parkway, extending from Superior Ave- 
nue to the new Union Depot at the lake front. The 
Federal building and the County Court House are fin- 
ished and oceupied, and the City Hall is nearing comple- 
tion. Plans for a new Union Depot have been agreed 
upon, and the voters are to cast their ballots on Novem- 
ber 2 of this year, upon the sale of city property to 
railroads for its site. Two million dollars has been voted 
for a new Public Library building, and its construction 
will commence in the near future. 

All of these factors that I have mentioned have, I 
think, a direct bearing upon the future industrial growth 
of this city. I think it reflects the character and spirit 
of its citizens. The fundamental conditions for a vast 
and rapid growth in Cleveland are, I believe, ideal. (Ap- 
plause.) 

Present Gary: Is there any discussion of Mr. 
Mather’s paper? (After a pause.) We shall now have 
a paper on Modern Methods of Burning Blast Furnace 
Gas in Stoves and Boilers, by Mr. Ambrose N. Diehl, 
who, since our last meeting has been promoted to be 
Assistant General Superintendent of the Carnegie Steel 
Company, Duquesne, Pa. (Applause. ) 


MODERN METHODS OF BURNING BLAST 
FURNACE GAS UNDER STOVES 
AND BOILERS 


Amprosei N, Dreui 
Assistant General Superintendent, Carnegie Steel Company, Duquesne, Pa. 


OUTLINE. . 
Introduction. 


Blast Furnace Gas. 
General. 
Flue Dust. 
Moisture. 
Clean Gas. 
Combustion. 


Requirements of Burner. 
Burner Efficiency compared to Boiler or Stove Efficiency. 
Burner Efficiency of 100 Per Cent. 
Flame Intensity. 
Classification of Burners. 


Stoves. 
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Test of Stoves and Burners. 
Type I—Duquesne, Edgar Thomson,and Wisconsin Steel Companies. 
‘*- TI—T. Col & R; Company, Ensley, Boynton, Lorain and 
Ohio Works. 
‘* TII—Edgar Thomson. 
‘¢ IV—Freyn, South Chicago. 
‘« V—Wisconsin Steel Co. and Central Furnaces, Cleveland. 
Remarks on Stoves. 
Stove Conclusions. 


Boilers. 
General. 
Present Equipment. 
Tests of Boilers and Burners, 
Type I—Duquesne and McKeesport. 
‘* II—So. Chicago, Wisconsin, and Youngstown. 
‘* T1I—Duquesne, Monessen and Ohio Works. 
Note.—There is no Type IV in Boilers. 
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Remarks on Boilers. 
Boiler Conclusions. 
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General Conclusions. 


The proper presentation of the topic suggested by the 
program committee of the Institute is almost as difficult as 
the problem itself. It may be best to approach the subject 
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by a brief description of blast furnace gas, and then out- 
line the methods in use under the subdivisions of stoves 
and boilers, and describe them in connection with the 
various confirming tests and practices employed. While 
volumes of tests have been published on coal-fired boilers, 
it is extremely difficult to find very much accurate and 
authentic data on those using blast furnace gas. There- 
fore it might be well for the published transactions to 
contain a number of such tests in detail, as observed by 
experienced steam engineers of several of the principal 
plants of the United States Steel Corporation. For this 
reason there are included some tests both of stoves and 
boilers in greater detail than necessary in the text of this 
paper. 

From carefully calculated heat balances it is shown 
that about 48 per cent. to 50 per cent. of the thermal value 
of the fuel used in the blast furnace passes from the top 
in the form of sensible and latent heat in the gas. Our 
efforts to lower fuel ratios, aside from raw material im- 
provement, have been principally in increasing hearth 
temperatures. This increment is best obtained by hotter 
blast, requiring better and more efficient contact with 
the brick-work of the stove. To accomplish this about 
30 per cent. of the gas generated per ton of iron is used, 
allowing 60 per cent. to be used in boilers or engines and 
a 10 per cent. loss. The desire for higher heats thus forced 
into prominence better stove construction and better com- 
bustion as an indirect means of lowering coke consump- 
tion. However, the saving of 12.3 cents per ton of iron, 
by increasing boiler efficiency from 55 per cent. to 69 per 
cent. in burning the other 60 per cent. of the gas, has been 
almost overlooked. It has been only recently that anvthing 
put spasmodic furnace-gas boiler tests have been made, 
and these only for passing information. Practically no 
recognition was given them, except to acknowledge condi- 
tions were bad, and but few attempts were made to cor- 
rect the discrepancies which the tests revealed. The tests 
seldom reflected usual operations, since boilers were often 
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overhauled and repaired before starting, thus giving 
erroneous ideas of the general prevailing condition. 

Although great savings are possible by the efficient 
burning of blast furnace gas, yet to the minds of the 
majority of operators it was a problem of minor im- 
portance, as pig iron was the coramodity desired and the 
gas at best only a necessary adjunct. Coupled with this 
idea was the fact that all furnaces will produce more than 
enough gas for their own auxiliary power equipment even 
with the crudest boiler arrangements. So it would not be 
worth while to expend thought or capital for unnecessary 
efficiency for the privilege of opening the bleeder a little 
further. This accounts for so little engineering judgment 
used in many boiler installations. 


Buast Furnace Gas. 


Blast furnace gas consists essentially of the unoxidized 
carbon monoxide remaining from the primary combustion 
of the coke in the hearth. As the air comes in contact 
with the incandescent fuel at the tuyeres the oxygen and 
earbon form theoretically an unsaturated gas, CO, with 
reducing properties, and at a high temperature. As the 
CO comes in contact with the descending oxides it is 
partly oxidized to CO:, but still contains sufficient CO to 
make it a valuable asset for heating and power purposes. 

An average blast furnace gas on Lake ores has ap- 
proximately the following analysis by volume: 


OO Re Ses oh AMER IR ees 12.5% 
DOs aon eon 25.4 
Egy tks) 55 ittenk Woy hare ee 3.5 
Hydro Carbon......... 0.0 
WNUURO PER: oa un ok oes 58.6 


This gas will have a thermal value at 62° F. and 30” 
Bar. of 92.0 B.T.U. The gas further contains about 30 
to 35 grains of water per eu. ft., depending on the water 
in the charge, either from material sources or used for 
dampening. The temperature of the gas varies with the 
driving, combustion and length of contact with the stock 
through which it passes. 
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Fiver Dust. 

Fine ores, coke and Hmestone dust are mechanically 
carried in suspension in varying quantities, depending 
on the physical condition of the charges, the velocity of 
gas, and movements of the stock. In every plant a first 
provision is to remove the heavy material by an enlarge- 
ment of the gas flue, or dust-catching chamber, where 
the gas velocities are decreased and the gas forced to 
change direction. This will tend to deposit the heavier 
and coarser material, while the finer divided and lighter 
will be carried on and deposited in the flues, or escape to 
the atmosphere through the stacks of the stoves or boilers. 
A proportionate percentage of the deposited dust, with 
the physical condition of the same, is approximately as 
follows: 

ANALYSIS. 


sio, Fe. P. Mn. ALO, MgO. H,O eG 
8.19% 38.89% .069% 51% 2.52% .381% 14.30% 12.87% 


Percentage of total dust carried beyond dust catcher = 28% 
Digs PRE ee se 46 6 = 92-% through a 300- 
mesh screen. 

Naturally these conditions are subject to the varia- 
tions of each local installation, as the number of pockets, 
sizes of dust catcher and flues, together with the quantities 
and velocities of gas, will influence the disposition of the 


dust. 
MolstTuRE. 


The moisture is present as vapor, and, if the tempera- 
ture of the gas is lowered beyond the dew point, water 
will be accordingly deposited, as the gas will remain in 
a saturated state. This condition arises only with highly 
wetted charges, unusually low gas temperatures, cold at- 
mosphere, or high radiation. 

This constitutes our dirty gas which is conducted to 
the stoves and boilers in our past and present practice. 


CLEAN Gas. 


Within the past few years the economy of higher 
heats, as well as the repairs and expenditures in stove 
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practice, have most clearly demonstrated the economic 
value of further cleaning the gas. This can be done in 
various ways. <A dry filtration method has been working 
with apparent success on the Continent, but does not have 
to contend with the large percentage of fines which the 
American Mesaba practice has to contend with. Wet me- 
chanical washers are in use, but the simplest is a spray 
tower with provisions for the prevention of gas channel- 
ling. It is necessary in this case to use sufficient water to 
not only remove the dust, but also to cool the gas low 
enough to remove excessive moisture. If the gas is not 
cooled after being subjected to water contact, the moisture 
content is such as to either prevent combustion or carry 
the thermal losses in the stack so high as to make the oper- 
ation decidedly uneconomical. By proper washing, the 
dust is lowered from 3 grains to approximately .2 grains 
per cu. ft., and the moisture from 30 grains to 8 to 10 
grains. The lowering of the gas temperatures from 300 
degrees to 80 degrees robs it of 220 degrees of sensible 
heat, which is balanced by the gain due to reduction of 
moisture and dust and the resulting cleanliness of heating 
surface. Tests conducted at Duquesne show that equally 
high flame temperatures can be obtained from either clean 
or dirty gas. The average combustion chamber tempera- 
ture from 19-24 hour tests on clean gas was 2040° F., and 
from 8-24 hour tests on rough gas, 2030° F. 


ComBUSTION. 
Blast furnace gas is made to yield its energy in three 
principal ways: 
lst—By combustion in recuperating chambers or 
stoves for the purpose of pre-heating the blast. 
2d —By combustion under boilers for steam genera- 
tion. 
3d—By combustion in gas engines for blowing or 
power generation. 
In all of the above divisions, the first principle to be 
applied is the supplying of sufficient oxygen to just com- 
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plete the oxidation of the several combustibles present. 
Excess of air results in the dilution of the products of 
combustion, consequently in the lowering of flame in- 
tensity and the carrying away of a corresponding quan- 
tity of heat units in the stack gases. Insufficient air re- 
sults in the lowering of flame intensity due to incomplete 
combustion, and the loss of calorific value of the gas in 
the stack is not compensated for by the gain due to the 
lesser weight of the flue gas. Thus it is obvious that for 
efficient combustion a proper mixer or burner is of 
primary importance. 


REQUIREMENTS oF BuRNER. 


There have been very few operators who have not at 
one time or another put one or more pipes through a 
stove or boiler burner in order to get the so-called Bunsen 
effect. In the case of stoves these experiments generally 
terminated in two results. First, if the air-duct was 
sufficiently large to effect any decided change, the tem- 
perature of combustion was considerably increased and 
resulted in the flue dust carried with the gas fluxing with 
the brick in the combustion chamber, and either boring 
a ‘hole through the same or filling the well with semi- 
molten or plastic material. Second, the stove from which 
a high temperature was obtainable, at first, ran down 
quickly, resulting in the operator’s statement that the 
stove merely had a ‘‘flash temperature, but would not 
carry its heat.’’ The air-pipes generally occupied so 
much area that the normal supply of gas was decreased 
in consequence, and an insufficient thermal capacity re- 
sulted. These efforts mostly resulted in failure, on ac- 
count of the foregoing causes, and, instead of burning 
down stoves by flame concentration, air was allowed to 
enter through special doors or blow-off valves. In this 
manner the proper mixing was intentionally spoiled and 


_ the consequent flame temperature lowered, to preserve 


the walls from the subsequent fluxing action. Much of 


320 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


this difficulty is avoided in burning clean gas, and the 
temperature can be raised to its highest limit. 

In the case of boilers, especially if air shortage was 
the prevailing condition, the placing of pipes or other 
aspirating devices around or through the burner occa- 
sionally resulted in small increases in efficiency, due to 
supplying more nearly the required amount of air. 


Burner EFriciency COMPARED TO BoruER or Stove 
HiFFICIENCY. 


In the testing and development of gas burners, the 
performance of the burner itself is of much greater in- 
terest and importance than that of the combined unit of 
burner and stove or boiler. On account of the difference 
in design of the different types, and the difference in 
condition and performance of the same type and even in 
the same installation, it is both unfair and unreliable to 
judge the worth of a burner upon the basis of the com- 
bined efficiency of the stove or boiler on which it happens 
to be tested. The results obtained in this way have a 
direct application, at best, only to a similar type and size 
of the boiler or stove tested, and even then are not free 
from the inaccuracies which frequently occur in all but 
the most exact and pretentious forms of testing. For 
these reasons it has been considered advisable to suggest 
the term ‘‘Burner Efficiency’’—to define a standard by 
which the qualities of a burner alone may be judged, and 
to develop methods of testing with that object in view. 


Burner Erricrency or 100 Per Centr. 


It is apparent that an ideal burner will admit the 
theoretically correct quantities of air and gas, and com- 
pletely mix them, thereby producing a maximum flame 
temperature at the point of ignition. The performance 
of a burner, on the basis of this ideal condition, may be 
determined by the observation of flame temperature, and 
by analysis of products of combustion, both methods be- . 
Ing useful in practice. A couple, inserted in the combus- 


—-- =~ 
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tion chamber close to the point of ignition, furnishes both 
quick and reliable indications for the adjustment of air 
and gas openings in the burner to continuously produce 
the best state of combustion. The highest temperature 
obtained in this way is not necessarily the theoretical 
maximum, but merely the maximum that can be produced 
by the burner under the prevailing conditions. The ob- 
served temperature will be affected by the radiation from 
surrounding bodies and the possible presence of CO in 
the products of combustion. The calculated theoretical 
temperature will depend on the moisture in the gas and 
the accuracy of specific heat constants used. Therefore 
temperature observation cannot be an absolute standard 
of burner efficiency, and a method based on analysis of 
products of combustion must be used. If the products 
analyze carbon dioxide and nitrogen, with no oxygen or 
carbon monoxide, the combustion is perfect and mix- 
ing of the burner may be called 100 per cent. efficient. 
The next factor to be determined is at what point in the 
path of the gases this perfect condition should be reached. 
Theoretically, it is directly at the outlet of the burner or 
ignition point, and a combination of these conditions 
would give a theoretical burner efficiency of 100 per cent. 
Practically, this is very difficult to obtain, and we must 
assume a point a short distance beyond the burner, but 
well in front of the first heat absorption surface. It is 
therefore suggested that, as a standard, a point two feet 
beyond the point of ignition be adopted as the point at 
which gas samples shall be drawn for a determination of 
burner efficiency, a water-cooled sampling tube, of course, 
being used. The definition therefore becomes : ‘¢ A mixing 
gas burner is operating at 100 per cent. combustion effi- 
ciency when the analysis of a sample, drawn from a point 
two feet beyond the point of ignition, shows perfect com- 
bustion.”’ 

The next step is the calculation of the efficiencies less 
{han 100 per cent. The basis is the ealorific value of the 
fuel gas, and the loss is the calorific value of the unburnt 
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CO present, plus the sensible heat contained in the excess 


air at the combustion temperature. 


The difference be- 


tween the basis and the loss, divided by the basis gives the 


burner efficiency. 


For example: Assume— 


Combustion Chamber Analysis. 


ges afetefoers Rist eho ars ences ots 24.5% 
Pacts far ey ore rice 0.5 
CO here cst leas aerate 0.7 
BIND ein, Steriatece Spare ona utenti odes ee 74.3 
POM Praitacneik es ee ake ted? 2050° F 


CO 1 39.3 
oss = 252 


Air excess = 


Furnace Gas Analysis. 


OO a ban Badan ua 15.0% 
OO cs acon A eee eee 24.3 
By Stott eee 3.3 
Mo cic.d/guina nit cae 57.4 
BU Shs ee 88.0 


x 007 x 324=—3.5 B.T.U. 
(15.0 + 24.3) x (0.5 —% x 0.7) 


xX 100 = 1.69% 


(24.5 + 0.7) x % (24.3 + 3.3) 
% (24.3 + 3.3) x 4.78 
100 

Air excess = .0619 x 0.66 =.0112 Cu. Ft. 

Sensible heat (2050° — 62°) = 41.3 B.T.U. Per Cu. Ft. 
ae ‘¢ . Air Excess = .0112 x 41.8=—0.5 B.T.U. 

otal loss = 3.5 + 0.5 = 4.0 B.T.U. 

88.0 — 4.0 


88.0 


Air required = = .66 Cu. Ft. 


Burner efficiency = = 95.5% 

By this means, independent judgment may be passed 
upon the burner, freed from misleading statements of 
boiler efficiency, as well as from the indefinite figure of 
‘‘Pounds of steam per pounds of coke consumed’? which 
has been advanced. 

After perfect combustion has been attained, the re- 
maining problem is one purely of boiler construction and 
heat absorption, precisely as in a waste heat boiler, and is 
quite apart from an investigation of burners. 

As the efficiency of a boiler varies with the load so will 
the efficiency of a burner. Some burners are highly 
efficient at low loads, others at high loads, and the main 
problem is to develop a burner that will closely approach 
perfection at boiler ratings from 75 per cent. to 200 per 
cent. The principal requirement is maximum flame tem- 
perature and the most positive way to get it is by a per- 
fect mixture of air and gas in the burner. 


Se a Ses ee or ee 
7 y . 


eo '-—_o- = > eS ee eee ee” |S ee 
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With the foregoing method, definite judgment may be - 
passed on the comparative merits of different burners, 
but the question ‘‘Which, if any, special mixing burners 
would be advantageous?’’ is one which must be decided 
on a knowledge and appreciation of the details of equip- 
ment and operating conditions of the plant involved. If 
a boiler or stove has favorable conditions of pressure and 
draft, and a large mixing chamber, it may operate at a 
combustion efficiency approximately as good as could be 
obtained from the best mixing burner, in which case, new 
burners would not pay interest on the investment. Such 
operation is exceptional and generally requires very close 
regulation to obtain equally good results. With the advent 
of clean gas the majority of furnace operators feel the 
need of mixing burners, and in such cases, where a com- 
parison of burners is the problem, the most reliable and 
comprehensive information will be obtained by methods 
of test and calculation leading to the determination of 
Burner or Combustion Efficiency. Unfortunately there 
is not sufficient data available to compare the burners, 
discussed in this paper, on this basis. Therefore, the 
combined stove and boiler efficiencies must be resorted to. 
While this is not satisfactory, as has been stated be- 


fore, at least in regard to sensible heat loss, the fact 


remains beyond all dispute, that the presence of CO in 
the stack gases indicate very clearly the lack of mixing 
qualities of a burner. 


FLAME INTENSITY. 


Heat exchange betwen bodies of different tempera- 
tures varies in proportion to their means, and provided 
there is a sufficient heating surface the products of com- 
bustion will evidently impart a higher ultimate tempera- 
ture to the absorbent if the initial temperature is high 
than if the combustion were such that a lower initial 
temperature weré attained. The absorption of heat by 
the brick-work during the heating operation is also fa- 
cilitated by high temperature due to the greater rate of 
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absorption in the combustion chamber and top of the 
checker chamber, resulting in a necessarily lower stack 
temperature with equal quantities of gas and equal heat- 
ing surface. Boiler heat absorption follows the same rule, 
except that the temperature of the heat absorbent, or 
of the tubes, is constant, while in the stoves the tempera- 
ture of the brick absorbent is variable. On aecount of 
the greater difference in temperature, the heat in the gas 
ean be absorbed far m quickly in the boiler, there- 
fore in this case so much less surface is required. 


CLASSIFICATION. 


Blast furnace gas burners may be classified under six 
general types as follows: 

1st—Rectangular or circular nozzle burner with air 
added, around it, or by separate air doors ora 
combination of both. 

2d —Rectangular or circular burner with air con- 
ducted into the gas jet by means of pipes or 
other openings. 

3d—Burner which subdivides air and gas into 
Separate streams which do not mix in the 
burner. 

4th—Burner into which air is aspirated by means of 
an air jet at high pressure, as in a steam jet 
blower, the air from both sources mixing with 
the gas in the burner. 

oth—Burner through which all of the required air is 
forced and completely mixed with the gas be- 
fore the ignition point. 

6th—Burner to which air and gas are supplied after 
being perfectly mixed in a fan which admits 
air on one side and gas on the other, discharg- 
ing the mixture into a common outlet. 


The foregoing has been a discussion of the general 
features of blast furnace gas combustion. From this 
point stoves and boilers will be taken up separately in 
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the consideration of burner design and operating condi- 
tions, since the method of procedure is somewhat different 
in the two cases. 

STOVEs. 

The combustion chamber of a stove is long, and there- 
fore tends to produce a good mixture before the checkers 
are reached. However, by completely mixing the air and 
gas in the burner before the ignition point, the maximum 
flame temperature is obtainedjjjpd the total path of the 
gases through both combustion chamber and checkers is 
utilized to the fullest extent for heat absorption. 

The temperature curves of a stove,* given in Mr. 
Maccoun’s paper on Blast Furnace Advancement read 
at our May meeting, illustrate the point mentioned, and 
shows an average tem- 
perature of 1900° at the 
burner opening, reaching 
temperature half way up 
of 2150° and decreasing to 
2040° at the top of the 
combustion chamber. With 
this form of burning high 
CO losses would have re- 
sulted, had the combustion 
N chamber been short. 

Several stove burners 
of various types in regard 
to which information is at 
hand will be enumerated 
and deseribed under head- 
ings of their general char- 
acteristics. 

Type 1.—Rectangular 
or circular nozzle burner 
with air added around it 
or by separate air doors 


Fig. 1. Kennedy Stove Burner or both. 


ULL 


*See figure 6 on page 337 of this volume 
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This is the burner in common use in nearly all blast 
furnace stoves and is exampled by the Spearman- 
Kennedy burner (Fig. 1). The air is taken in through 
the clearance space around the burner and through doors 
in other parts of the stove circumference. The gas and 
air meet and mix in passing up through the-combustion 
chamber. If the correct quantities have been admitted, 
the great length of combustion chamber permits the 
practical completion of burning before the checkers are 
reached. Extracts from tests of stoves, using the com- 
mon burner, made at Duquesne and Edgar Thompson 
Works, clean gas being used in both, follow: 


Edgar 
Item. Duquesne Thompson 
LY POrOL BUOVEScnonitie titrate eaten eee Sopa 2-pass central 2-pass 
Combustion Chamber. 
SIZGOLStOVOas «eis ay 5isete eae onde ae eee 21’ x 96’ 22’ x 100’ 
Heating? Surfade, sq. fis. cence ree noe aea se 39,920 51,192 
Cubic Contents vag. ett. cam duce iad ioe eete eee 17,974 8,894 
Air Blown Per Minntevat 62°) eu. ft. 3: - 5a. ou. 40,580 37,744 
Temperature Hot Blast, degs. F............... 1,076 1,200 
Jemperature Stack, degs, Won vevscse<s ss cuk ss 612 537.5 
Dime ron Gast mins: en eeten amen ers cae ene 198.75 172.25 
Timé ion: Blast, mins, wesweetac noua aca see oe 64.0 60.0 
J co’ 13.06 11.94 
be: Co 25.78 24.84 
Purnace, Gas Analysis)... ve cio eoeuieen H, 3.69 4.45 
N, 57.47 59.77 
Co, 21.30 18.08 
" O, 2.90 . 4.93 
Plue Gas Analysis...) .'s a's Ses entcces CO 8 0.0 
N, 75.0 76.99 
Heat Absorbed by Blast (Efficiency), per cent.. 64.48 58.04 
Sensible Heat Lost in Flue Gas, per cent....... 22.22 23.41 
Unconsumed CO Loss, per cent................ 4.52 0.0 
Radiation, Unaccounted for, ete., per cent...... 8.78 18.45 


In these tests the stack analyses are good and the 
temperature comparatively low. However, both could 
be somewhat improved by careful regulation, to give ap- 
proximately as good stack analyses as have been obtained 
with the use of mixing burners. This point is illustrated 

‘by the following figures, from tests of stoves at Wisconsin 
Steel Company, where the operation is under constant 
technical supervision. Clean gas was used. 


~~ oer" 


ee 
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pL SD CeM Ed ALO VO repeats cite ihc cin acs. Suns SisGets Tol Geagetin aye Die rd a oat Kennedy 2-pass. 
SIZE MC ios SHOMG teeta ae tie ithe cel yh, Gaak ee y/o) nis. d/oicisa hve Seah vers 22' x 90’ 
PLCAMIM eM SEC LACOMS a Lb Mee mite 7 vis Chute ae «ie a Ale Sia sie Shoes the 33,000 
Aursblowns ber Mainwte: at G2r et. Eber. o's oie ss salt ee 35,000 
LemperarurorE ot, Blast sess ek ise scx wie ca sje Giyaieie ene eye's 1,165 
MIGMIPSrAa MITOMSbAGK, ;COP seis iar cat. eieteissare ove 6s 2 has wuenete e0 761 
CHETNE GTN Goiey Gaibh TRS SS geet ee eA a ae Ree 236 
Time.on Blast, mins, .. 25... 2 RIMS cal eee Doreen MS Bea Coreg 73 

co, 15.1 

; — CO 23.6 
pa O meets ATAU STS ocr oh.cleyginl aie Sie ntle H Sis sere ids «Sig H, 3.0 
N, 58.3 

i co, 25.0 

: 0; 1.0 

SEATS Cyed ioe ANIRAUEY SES ore Sh ofuwt a create orsia cheteiniege fo «owe 1 CO 0.0 
[N: 74.0 

Heat Absorbed by Blast (Efficiency), per cent............ 61.5 
Sensible Heat Loss in Flue Gas, per cent.................- 26.5 
CO aos mre Bve (Gasy per (Gente aol. <a tace sts 0 Fs eee eeie's 0.0 
Radiation and Unaccounted for, per cent.............--.-. 12.0 


The stack analysis here shown is excellent. The high 
stack temperature is the result of insufficient heating sur- 
face, since the combustion is as good as could possibly be 
obtained in regular operation. 

Type 2—Rectangular or circular burner with air 
conducted into the gas jet by means of pipes or other 
openings—illustrated in the Landgrebe burner (Fig. 2) 
developed at the T. C. I. & R. R. Co., Ensley, Ala. 

This burner consists of 21-4” boiler tubes through 
which the gas is admitted. The outer row of tubes is 


|, S-1:our Sie. Row | E> 
2'-8"-2"? ROW 


2-3" mpoLe, 
[— 


21-4" BONER TUBES 
\ 


= ee A 


- if 
19°x24° ELL’ 
Yi. 


Fig. 2. Landgrebe Burner for Blast Furnace Gas 
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the longest, the center tube the shortest, and the middle 
row is cut half way between, so that the gas flowing 
through the central tube starts burning before any of its 
neighbors. Surrounding these tubes is an air space 
formed partly by the outer shell of the burner and partly 
by a sliding sleeve which tightly connects the main burner 
with the stove door frame when the door is removed. The 
ends of the gas tubes are placed about two feet from the 
door frame. Air is admitted at the back of the gas tubes 
surrounding them, and at the ends of the latter meets the 
gas, at which point mixing takes place. To eliminate the 
necessity of disturbing the relation of gas and air supply, 
if it became necessary to increase or decrease the flow of 
gas, a separate gas valve was supplied in the pipe con- 
nection to the gas main. This gas valve is simply a 
cylindrical valve covering a port and consisting of special 
mechanical features to prevent clogging and leakage and 
to insure ease of operation. Thus the supply of gas can 
be regulated at will without disturbing the burner proper. 
Suitable slides, ete., are provided for regulating admis- 
sion of air into the air chamber of the burner. 

Burners of the above description were provided for 
two new two-pass side combustion stoves, 22’ < 110’ which 
were built and put into service in J anuary, 1912, A 
series of tests were conducted on these stoves while they 
were still new and clean, and the results of these tests, 
though variable, were, on the whole, quite satisfactory. 

An exhibit of these tests follows: 


Type. Of Bowes enh asi iantde dana da ng « lee < octane eee 2-pass. 
Bize of Stove... > .es) beans pamemun bir ateee ae eames ony 110’ 
Heating Surface; q.-$8x,. ves swoicacds hin ee 

Cubie Contents, cu. ft...... 


SS sine! Mate RIND ‘eh S) ia a Bie OKs ete nh a, eee x ReeNe 


Air Blown Per Minute at QE 00, EU has csc teen ae 49,700 
Temperature Hot Blast, degs. F................-....00000 0 1,200 
Temperature Stack, dogs. F.......s.sesereevcccctess cele, 437 
Tisnp-on Gas, ming. 5 Foes sos dati ae eee eee 205 
Fimp on Blsat, mina, st decevennses Gh se ade eae 55 
co, 10.92% 
Co 32.72 
Furnace Gas'-Analysis.w, oc stndig sesous ei ee H, 1.04 


= =~ % 
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Flue Gas Analysis 


eee mmm em ee eee ere sere aseesitsereesoeen 


Heat Absorbed by Blast (Efficiency), per cent 


5 une nad Gano dae 74.1 
Sensible Heat Loss in Flue Gas, per cent... .........-+--. 0s 13.2 
COMossim Mlwey Gas. Per CONtenrdent sous ce oe toe os meme Seely =e 0.0 
Radiation and Unaccounted for, per cent...............0+4-- 12.7 


Both stack analysis and temperature are excellent 
and as good as could be obtained with any type of burner, 


since they are very close to the theoretical possibilities. 
The secret of success in a burner of this type seems to be 
the design of air-ports sufficiently large to take care of 
the quantities required for complete combustion. 

Another example of this form is found in the Boynton 
burner in use at the 
Lorain Works, of the 
National Tube Com- 
pany. (Fig. 3.) 

Air and gas are 
admitted in horizon- 
tal layers as shown 
in the sketch, this - 
stratification being 
produced with the 
idea of obtaining 
intimate mixture of 
air and gas at the 
point of admission. 

The following an- 
ve alyses, taken without 
any regulation, and 
without knowledge of 
the hot blast men, 
from seven different 
stoves operated by 
three different men, 
show good operation, 
but give no indication 
as to just what point 
Fig. 3. Boynton Gas Burner in the stove the com- 
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pletion of mixture takes place or of the resulting stack 
temperatures. 


ANALYSES OF FLUE -GAS FROM HOT BLAST STOVES. 


Date Furnace Stove Co. Oo: CO 
Oct. 26 No. 2 No, 2 25.0% 0.0% 0.6% 
gees 2 3 26.0% 0.0% 0.2% 
sohnamate'S 2 4 25.8% 0.0% 0.6% 
Soe Ok 5 2 24.6% 0.8% 0.0% 
ge ge 5) 3 25.8% 0.2% 0:2 5% 
eae ae 2 1 26.0% 0.0% 0.2% 
he eC 2 2 26.0% 0.0% 0.8% 
EE SACs 2 3 25.6% 0.4% 0.0% 
aera 2 5 25.8% 0.2% 0.2% 


Of the same type is the aspirating stove burner de- 
veloped at the Ohio Works of the Carnegie Steel Com- 
pany, illustrated in Fig. 3-A. By means of this burner 


OHIO WORKS 
ASPIRATING STOVE BURNER 5 


FIG-3-A 


the same blast heats have been obtained with a consump- 
tion of 4900 eu. ft. gas per minute as compared to 5740 
cu. ft. with the common goose-neck burner. Since stack 
temperature and analyses on the two burners are about 
equal, this gain must be credited to the better absorption 
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which is due to faster mixing obtained with the aspirating 
burner. Comparative tests of these burners follow: 


Ohio 
Common Works 
PY POO SCOR Goat Shoe thane cams sts 2-Pass 2-Pass 
BizanO iV Stovens stare seein eee ae 21’x115’ 21’x115’ 
Heating Suriaces >. 2... dec. ce en cass Sq. Ft. 53,700 53,700 
Cuaies Contents: cette rea nicier & oS sx Cu.- Ft. 5,349 5,349 
Air blown per’ Min. at 62°F. ........... SO 39,600 39,600 
Gas burned per Min. at 62°R.....-....: oe 68 5,740 4,900 
Temperature of’ Hot Blast jack. 53. « Deg. F. 1,200 1,200 
Temperature of Staek... 9: ..00.0 e608. 3% Nice 800 780 
eeamne OTe Gasse Geers. PES ace okteometyen Minutes 170 70 
PRUE OUT BRAS b solace <eiclos, caskstate, she ay 60 60 
COre tia 12.9 12.9 
Furnace Gas Analysis.......... CO; 7o ae ao 
H, i= % 3.4 3.4 
N, % 57.3 57.3 
co, % 24.5 24.0 
" O, % 0.0 0.7 
Flue’ Gas, Analysis:;. 2... ...... co % 0.8 0.0 
; Nz % 74.7 75.3 
Heat Absorbed by Blast (Eff.)........ % 56.4 59.7 
Sensible Heat Lost in Flue Gas........ lo 29.5 30.3 
Wnegnsumede CO Mosse Jos: an vee % 4.1 0.0 
Radiation Unaccounted for, ete....... % 10.0 10.0 


Type 3—Burner which subdivides air and gas into a 
series of streams which do not mix in the burner. 

A stove burner, answering this description, has been 
developed at the Edgar Thompson Works, Carnegie Steel 
Company (Fig. 4). This burner consisted of the usual 
burner base box carrying the burner base. This burner 
base is a casting containing the gas and air-admission 
passages, and ports for the burner, and having a cylin- 
drical seat or face. The burner seat consists of a casting 
having a cylindrical face fitting onto the corresponding 
face of the burner base and free to rotate over the same. 
This casting is provided with gas and air ports, and 
passages, gear teeth for rotating the same, and flanges 
for supporting the burner nose or nozzle. The burner 
nozzle bolted to the burner-seat casting consists of two 
concentric barrels, 3 ft. long, forming the gas and air 
passages. The central or gas passage, 141,” in diameter, 
contains a spirally twisted vane, twisted through about 
one and one-half turns; the outer or air passage, 41" 
wide, contains four spiral vanes, making one-half turn 
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each and twisted in the opposite direction from the gas 
vane. The vanes run the full length of the barrel. The 
entire nozzle is built of sheet iron and boiler plate. Slid- 


Fig. 4. Edgar Thomson Stove Burner. 


ing lengthwise on the outside of the barrel is a short 
nozzle, actuated by a system of levers and links, and used 
to complete the connection between the burner and the 
branch connecting to the combustion chamber. The burner 
seat and nozzle are rotated in a vertical plane by means 
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of a hand-wheel and gears, the center line of the burner 
barrel being practically vertical when the gas is off, and 
making an angle of about 49° with the horizontal when 
the gas is on the stove. A steel casting is lined with fire 
brick, leaving a conical opening into the combustion cham- 
ber; the central axis of the cone lies in a vertical radial 
plane through the center of the stove and makes an angle 
of about 49° with the horizontal, giving as nearly a verti- 
eal admission of the flame to the combustion chamber as 
is possible for a burner at the side of the stove and with 
the construction of stove tested. 

The gas-main supplying gas to the burner was pro- 
vided with a mushroom type, hand-controlled shut-off and 
control valve, and a butterfly valve actuated by a pressure 
regulator. . 

The following test figures show a decided gain in effi- 
ciency over that of the old form of burner mentioned 
before: 


OEY i ROMO ie oe a arenas ees Awe wd ew ele a lees 2-pass. 
GUL Se Gib SIONGM pod a ace = octio nines Ban ODOC noes Om onmmnrg 22’. 100’ 
Heating Surface, sq. ft. -....------. ee eee eset eee eee tees 51,192 
Gulnie: Comtentsye Cue wt ta cpclets 6 oil em eee eense he Ra nye 2 = sien) ele wos ore 8,894 
Air Blown Per Minute at 62°, cu. ft.......---.- 2s cece ee ees 44,748 
Temperature Hot Blast, degs. F.......-.+--+ se terre eee e ree 1,119 
Temperature Stack, degs. F..:... .----+- +s ones eee se ns eesees 376 
amie OHOGAS) WEA. le a0. cane uvig Seen ee ne vets e Geena ee 


Wimo ot Flash, MING. ee ee eee we el ae ee ee enters 


(CO, 11.78% 
. Co 26.38 
Furnace Gas Analysis. .......------ see c cee teee cerns H, 3.15 
LN, 58.67 

{ CO, 23.60% 
: co 1.87 
Fine Gas Analysis. .....-0.02- seco ss ecser rece erser ees 0, 45 
[Nz 74.08 
Heat Absorbed by Blast (Efficiency), per cent.......--.---+++ 71.58 
Sensible Heat Lost in Flue Gas, per cent.....-.-+-e re ereeeeeee 10.50 
Unconsumed CO Loss, per cent....... +. essere reer eter eters 9.46 


Radiation, Unaccounted for, ete., per COMb ers aee Nee etl oieeistate ses 


A complete test of this stove and burner follows: 


deeNumber of Lest... <- 5 ee cce se cle eevee ecole 1 

: Pa Te LCS tr wa tetrakeraioe clin: ira = ~ alsvane) ocrredas trerensieyene) shee May 24th to 
cise ' May 30th, 1915 
3. Blast Furnace and Stove Number.......-.-.+.2++++:- G—4 ; 
fe Sthiey Oke SONOS cc pipuan 0 6a Bnei oon TS Cini OS cee 22’x100 
BG WE eects Shite cctinies = Fos vale Colon Bekins te eles hes Two Pass 
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6. Heating surface in checkers.......... Sq. Ft. 
7. Cubic Contents in checkers............ Cu. Ft. 
8. Ratio of heating surface to cubic 


contents of brickwork in checkers.................... 


9. Estimated weight of brickwork in Stove. Lbs. 
10. Estimated weight of ironwork in Stove. Lbs. 


PRESSURES. 
11, Blast furnace gas in main............, Ins. Water 
12. Draft in Combustion Chamber......... ee 
13.3 Dratt in) Chimmeys 1 seco ee ee or ee 
UF Ky eo FEL tice the cteraetsaenehg aang ~ 4 
DOs t ys oe Ys eC ei cre eyes - Ke ot 
16. Average draft in Chimney............. ch eae 
17+ Blastin= Main. 3s), 6h, c1ekre Set ae Lbs. Sq. In. 
18. Barometer at 62 degrees Fahr......... Ins. Hg 
AREAS 
19.) Burners/Openiis: ie ooskaise eee eee Sq. Ins. 
20. Ares’ Of “Gage Lop oe 2a. dws en enee Paks 
TEMPERATURES. 
21. Blast Furnace Gas in Main............ Degs. F. 
23. Cold«Blast-in Maine) Soee ae RA Te KS 
23, Hot: Blast ine Maigo.. 3 oc. Pte Soa ek 
24, Chimney Gases Chimney #1 (Min.).....  ‘* « 
25. es es xs ils (Caen ae eens 
26. - as bby #1 (Average). ‘¢ “ 
27, rs a $2) (Many sa. Soe 
28. ws as ib SO ACMAx inne) ore oe 
29. eS ws es #2 (Average). ‘* -* 
30. ne cs = Soe (NON) Soden 
31, $6 = ct: eG Max.) cata oes 
32. mi wh Hi $3 (Average), ““* ‘ 
33. Chimney Gases. Average for all chimneys ‘* §*< 
34, Atmospheric. Wet Bulb.............. yen 
35. a Dry-e Bulb eae iecnee Sees 
DURATION. 
36. Time Stove on Gas............csccces Hours. 
37. Time Stove on Blast... .....sec.sasces ss 
38. Total elapsed time for Test............ os 
GAS. 

39. Heat value per cu. ft. of dry gas at 62° 

F. and 30” Hg. (Gross)............ BIE: 
40. Grains of moisture per cu. ft. at 62° FP, 

and ~ BOP HG. cd Uolcn a eteteee ee Grains 
41. Grains of moisture per cu. ft. as actually 

aristed -in anaie.< drat. Sack ee A 


42. Total gas consumed at condition in main. Cu. Ft. 


ce ce 


COO RS BIER s eh, am wh eee & Se ee ee ee eee 


and pressure in main............... eh 
45. Gas consumed per minute at 62° F. and 

SO” HG. vy <5 wish pha ot ee ee eons 
46. Total moisture in gas consumed........ Lbs, 


223,000 


3.48 
1.49 
1.82 

1.66 


14.85 
29.163 


159.48 
133.36 


75.46 

173.56 
1119.0 
300.0 
475.0 
387.0 


290 
450 
365 
376 
60.38 
66.61 


93.242 
34.567 
133.750 


95.80 
6.91 


58.0 
24,918,753 


23,740,096 
4,454 


4,243 
23,424 
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47. Grains of dust per cu. ft at 62° F. and 
ap Ll Oar eRe Ee Ratiers HeGC Ie sales s Reese Grains 
48. Grains of dust per cu. ft. as actually 
GXINOd Mine NAIR shrek owe Se coches ie 
49. Total dust in gas consumed........... Lbs 
BLAST. 
50. Total air blown at conditions in main.. Cu. Ft. 
Lal ped sy 7 IS ee hOfee Ue andeod. Elo... ae ts 
52. Total air blown per minute at 62° F. and 
OPEL Are eee lenetee <Falsccts, cig Soe eset ede 
53. Grains of moisture per cu. ft. at con- 
CUcLOME AND MMAAM Sey ts <jnfajataverars & Cie4 18 sx Grains 
Ota ROterany alt VREALCO o.. 23. ceo nee 0s a Lbs. 
bo Lotal moisture’ heatedsn%. poses st ots ay 
ATMOSPHERE. 
56. Grains of moisture per cu. ft.......... Grains. 
yg te CELINA LE Vie hoe arare. cyt aes eBags saw ©) poche sence Per cent. 
TOTAL QUANTITIES. 
58. Total weight of dry gas consumed...... Lbs. 
59. Total weight of dry air heated for blast re 
60. Total weight of moisture heated for blast =f 
61. Total weight of blast.................. aff 
EFFICIENCY. 
62. Total heat absorbed by blast.......... BP 
63. Total heat generated (corrected for sen- 
sible heat in gas above 62° F.)...... es 
Gop PEON Cyan sts 1c. ss ney ance <0h Vitals avers wuelo ci Per cent. 
FUEL GAS ANALYSIS. 
(ae TOO SR Fused co sag OO Oman Jean Yo Volume 
SE aa i aa ARON a 
GS ee ie ese gc to releases aye Tere Foe unlers «etlnse nt 4 
69. N. ce ce 
Be ib Acie ee BOE Ee Sheree or 
; STACK GAS ANALYSIS. 
Me Saco —— OO tooo ores rege a sicleloar ss % Volume. 
Vilae SMaR el EE!) 0 Ree Geyer rae OAC #9 26 
nag ME, ST Ses ine ay ENN Se OT are ior Fe 
soe LENA gl # a ik 2 Be le eg ee 
ae Otel oN a aie © a nian ge ie roveens eas Dyela oi hy 4 
Tien ee Eo — OO) pera ag otuecial= rs) nn siaistey*e) =~ ss : 
Gta ie 2 OO) esha 2 2 io a8, epee l= Sess wis eels. #2 ve ay 
(ifaw, Reidel 0 eae on 1 IIR ROR ACO Cura ee ics me 
PMC SUES ee ct. ates nse ee Gd e Leet 
Osea EO — ING te raion ove siercotris) wie Je raleh%e foe ae es 
Ber eS — OO ag eiaraje none Ran < Getz tei ce He 
CR EO ene LG iis paietar nedes ‘oie 
OC tk 0 Be Bo oie Hine rico eee Cras 
eae a ED aueeet sy sad ce Asks lowGistexe tiny ot) ete ae as 
& 6c 66 
Ones SS LAINIE ae syensict si aie! Vass sin ec okelee* =) 
AVERAGE STACK ANALYSIS. 
ya CA ae va Batted puedes edie nick ewe niose ouels % Volume. 
(a3 66 
86. (BO) 8s Se BCE clea hae Cn tean ae acini oc ‘ < 
eee) mane te icteeerioric cies aienner a cinushernie lara 3 ie 
Spee TE en aoc ie OPS OO ORO TO ae einD ican ea a sf 
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.2902 


2765 
1,071 


56,037,652 
92,808,300 


44,748 


8.55 
7,045,003 
68,413 


5.16 
70.66 


1,781,192 
7,045,003 

68,413 
7,113,416 


1,597,835,522 


2,232,213,555 
71.58 


11.78 
26.38 
0.00 
3.15 
58.69 


-Q re) 
COT ea 
> BHP 
/ QIOWN]S.s 


23.66 
1.70 
0.43 
0.22 

73.99 


23.60 
1.68 
0.45 
0.19 

74.08 
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Type 4.—Burner in which air is aspirated by means 
of an air jet at high pressure, as in a steam-jet blower, the 
air from both sources mixing with the gas in the burner. 

The Freyn Induced Draft Burner (Fig. 5) is of this 
type. It consists of a main gas pipe into which two 
injector nozzles in series are placed. Into the outside 
nozzle is inserted a small pipe through which high pres- 
sure air is supplied. This air operates as the aspirating 
force, and by its regulation the entire air supply is con- 
trolled. This makes a device which is easy to control, 


FREYN'S INDUCED PRESSURE 
STOVE BURNER 


Fig. 5 


but not more free from the necessity of control than any 
other mixing burner. Burners of this form have been 
placed in use on stoves of the Illinois Steel Company, at 
South Chicago, but no test data in regard to them is avail- 
able as yet. 


L'ype 5.—Burner through which all of the required 
air is forced and completely mixed with the gas before the 
ignition point. 

Burners of this description are in use on the stoves 
of the Wisconsin Steel Company, at South Chicago, and 


the American Steel & Wire Company’s Central Furnaces, 
Cleveland, Ohio. 


—_—_--.” 
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The Wisconsin burner (Fig. 6) consists of a circular 
gas passage, in the back of which is placed an air nozzle, 
the air being supplied under pressure by a fan. The old 
burners on these stoves gave excellent results as men- 
tioned before. However, the heating surface was insuffi- 
cient, and an additional 4,000 sq. ft. of surface was placed 
in the combustion chamber. After this change, the draft 
proved insufficient, and forced draft was resorted to in 
order to furnish to the stove the required quantity of 
heat. By this means the capacity of the stove was in- 
creased, the efficiency being somewhat higher, as shown 
by the following test extracts, the stack temperature be- 
ing lower, but the flue gas analysis essentially the same: 


AIR, FROM FAN 


Hi 
LZR 


ey 3 


PRESSURE STOVE BURNER, 
WISCONSIN STEEL Co. 


FIG. S 
Type Of Stove... 106. e ered e eee eect chee eneaseee ees Kennedy 2-pass. 
SU) Gn TST EBp Oro ones DUDE A OIC OE SO erm Cir oR ICD 22’ x 90’ 
Heating Surface, sq. ft......---. see e cere eee e entrees 37,000 
Air Blown Per Minute at 62°, cu. ft..........++es eee eee 35,000 
Temperature Hot Blast, degs. F....-..--+-+-+ereeeeeeeee 1,273 
Temperature Stack, degs. F........+ ++ sees e este errr eecee 598 
Time on Gas, MINS... see cere eres teeter eerste eee eeees 55 
Mime on Blast, MINS. 6... eee ce teeter eee teen teaee 148 
CO, 15.1% 
: CO 23. 
Furnace Gas Analysis.......--+-sesseerr er cereees H, oo 
N, 58.3 
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co, 24.8% 
Hie Gas Analysis: conte citve ck ane eee eee oe an 

N, 73.9 
Heat. Absorbed by Blast (Efficiency), per cent............ 69.4 
Sensible Heat Lost in Flue Gas, per cent.................. 18.6 © 
CO, Loss, in, #lue "Gas, per Cents. .srh,-<erreree e ee 0.0 
Radiation and-Unacedunted for... «wines tee eee ee 12.0 


The forced draft stové burner (Fig. 7) at Central Fur- 
naces, designed by C. A. Orr, consists of an air nozzle 
inserted in the gas passage. The nose of this nozzle exy- 


g 


ZASSSSSSS 


Fig. 7. Forced draft stove burner, Central Furnaces, American Steel and 
Wire Company 


a le a i ee 


ee ee eee eT eee er ee ee oe 
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tends to within about thirty inches of the stove connection, 
and extends back from the downtake a short distance, in 
which position is placed a 16” turbo blower, which runs at 
a constant speed and therefore furnishes the required 
volume of air at a given rate. In order to insure a cor- 
respondingly constant gas volume, a gasometer-controlled 
damper is placed in the gas downtake about ten feet above 
the burner. Complete test data for this installation are 
not available, but the following figures indicate good 
combustion results. 


PIMC MOT CTS ae os totcie Ge wtaksls isin sos: siaivlea sl byac si e'e F/s sidiele erie ag aneis o a 120 Mins. 
JRETTE GLU ES EIGER ERO ORS, cit REP Ste) 5) raat ae Ae 90 Mins. 
SSCA TON MITE C/O ae EAS lie etsust fe cetcscin Rishece ch slisicl alpina ct0Ko poate ye we ote os 2005. 
PE CUNO PAL IEEG Ute (URC Ke reteieoyaieas cur chor oies WateRs os va wile! ow cine del Sots 680° F. 
bon 25.5% 
Stack Analysis 0; 1.7 
SIS Hees SoNcrac se tois Sten a ate e woes ches are) 0.0 
N, 72.8 
An approximate heat balance would be: 
Heat Absorbed by Blast (Efficiency), per cent.............--- 65.0 
Sensible Heat Loss in Flue Gas, per cent.........--e+ sere eeee 23.0 
OO Loss in Mine Gas, perveent. 254 2% 2 ya ho ane eee oie sien 0.0 
Radiation and Unaccounted for, per cent.........-.-e+eeeeeee 12.0 


Type 6—Burner to which air and gas are supplied 
after being perfectly mixed in a fan which draws in air- 
on one side and gas on the other, discharging the mixture 
into a common outlet. 

An arrangement of this kind is being developed at the 
present time, but no specific information is available, so 
it is impossible to speculate on its merits or shortcomings 
as a mixing device. 


Summary oF Stove Tssts. 


Cu. Ft. 
air per 
Typeof Sizeof min. at 
Plant. Stoves. . Stove. 62° Burner. Eff’cy Remarks. 
Duquesne 2-Pass 21x 96 40,580 Common 64.5 Average opera- 


tion. 


Edgar Thomson 2-Pass 22x100 37,774 Common 58.04 Actual _ efficien- 
cies probably 
higher as ‘‘radia- 
tion and uwnac- . 
counted for’’ is 
excessive. 
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Edgar Thomson 2-Pass 22x100 44,748 Edgar 71.58 ‘‘Radiation and 


Thomson unaccounted for’’ 
normal. 
Wisconsin 2-Pass 22x 90 35,000 Common 61.50 Small checker 
area. 
Wisconsin 2-Pass 22x 90 35,000 Forced 69.40 4,000 sq. ft. 
Draft. checkers added. 


Very low stack 


Ensley 2-Pass 22x110 49,700 Landgrebe 74.10 temperature, and 
biggest stove list- 
ed. 


Detail data not 
available. 


A.S. & W. Co. 


Cent. Fees. 2 PRES) 5 S0 han royce s Orr 65.00 


REMARKS. 


The combustion chamber of large proportions was 
originally designed primarily as a receptacle for the flue 
dust carried in rough gas, and secondarily as a necessary 
aid to combustion under primitive methods of burning, 
It was also considered advisable to have the hottest 
checkers at the top, where material strains are smallest, 
but no doubt, by suitable precautions in design, this factor 
could be eliminated. The following points should be 
observed : 

Stove ConcLusions. 


First.—Clean gas should be used when possible. 

Second.—Large heating surfaces should be exposed 
as an aid in lowering stack temperatures. 

Third.—Equal drafts and blast distribution over the 
entire checker area is essential to good practice. 

Fourth.—All gas should be consumed in the combus- 
tion chamber. The closer the complete combustion is to 
the burner the better heat exchange is possible. 

Fifth.—It is best to add both gas and air at only one 
point, through the burner, and control them there. Gas 
and air have channelling tendencies when entered sepa- 
rately. 

Sixth.—Forced draft will facilitate flame intensity and 
act in such manner as to make the combustion of more 
gas possible in the stove than under atmospheric draft 
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conditions. If the stove is sufficiently large, considerable 
advantage ean be derived by this method, because greater 
quantities of gas can be burned in a given time. 
Seventh.—It is advisable to make daily flue analyses 
and have a technical supervision of the combustion. 


Botcers. 


The boilers in operation at the present time in most 
blast furnace plants are small units, varying, in general, 
from 250 to 500 H.P. They are usually equipped with 
feed-water heaters, but rarely with superheaters or 
economizers. The settings are often leaky and the baffles 
in bad condition, and in nearly all plants these most im- 
portant details have been lost sight of until their presence 
and effect have been demonstrated by observations of 
flue-gas analyses and temperatures. It would be safe to 
state that the efficiency of the average blast furnace 
boiler plant could be increased from 5 to 10 per cent. by 
the repair and constant upkeep of settings and baffles. 

The burner in general use, which will be referred to 
as the Common Burner, is a burner only in the sense in 
which the term might be applied to the open end of any 
gas pipe. The gas enters in a solid rectangle or circle, 
and the air in a thin layer around it, no pretense being 
made of completely mixing the two gases before ignition. 
This work is left to the combustion or mixing chamber, 
which often, unfortunately, shares the work with half or 
all of the boiler. 

In the operation of this boiler equipment there has 
been little attempt at scientific regulation. The func- 
tion of boilers in a blast furnace plant is to burn as effi- 
ciently as possible the gas that remains after the constant 
quantity demanded by the stoves and gas engines have 
been supplied. The only method of controlling gas pres- 
sure and quantity is the butterfly valve placed in the 
supply line to one or two boilers. The pressure, in a sys- 
tem, where clean gas is used from a central cleaning 
plant, is controlled from there, upon whose signals the 
boiler operators vary the positions of the butterfly valves 
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and therefore the quantity of gas burned in the boilers. 
This method of control is used in order to insure the 
required pressure at all times at the gas cleaning plant, 
and it is proper that the boiler plant should take the 
variations. This being the case, pressure regulation at 
the boilers is not to be considered, and the problem is to 
supply an amount of air always proportional to the quan- 
tity of gas available. With most equipments this can be 
attempted by means of a damper regulation, in combina- 
tion with sufficient air openings around the burners. The 
adjustment of dampers, under present operating methods, 
is given very little attention, and, without intelligent 
supervision, would be of small value. Probably the best 
results with the Common Burner would be obtained by 
automatic damper regulation, controlled by pressure in 
the gas box between the butterfly valve and the burner. 
By this means more nearly correct amounts of air and 
gas would be supplied, thereby decreasing to some extent 
the losses due to large air excess when gas pressure is 
low and large quantities of carbon monoxide in the flue 
gas when the pressure is high. With present equipment, 
a good mixture of air and gas and the resulting high flame 
temperature are obtained only by constant and careful 
attention. However, regular testing is extremely profit- 
able, due to the increased efficiency obtained by repairs 
to settings and baffles, by regulation of the air supply in 
so far as this is possible, and because of its tendeney to 
both educate and interest the working force in the matter 
of efficiency. 

When rough gas is used, the regular blowing off of 
the boiler tubes assumes considerable importance. Ob- 
servations of stack temperature (with all other condi- 
tions constant) before and after blowing tubes show 
decreases of from 50° to 100° F. (Curve Sheet No. 1) with 
an average of about 75° F., varying, of course, with the 
amount of dust in the gas and the volumes of gas burned. 
‘There is a loss due to excessive air leakage through open 
doors while tubes are being blown, and with this fact 
considered, it appears that the most economical period 


—_— 
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of blowing is every twelve hours, as it is after this length 
of time that the deposit accumulates rapidly, causing a 
correspondingly rapid rise in stack temperature. Where 
rough gas is used, the installation of permanent dust 
blowers may be found advantageous. 

Type 1.—Rectangular or circular nozzle burner with 
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air added around it, or by separate air doors or a com- 
bination of both. 

The average efficiency of a blast furnace boiler plant, 
using common burners and operating without the aid of 
technical supervision, is not over 50 per cent. and fre- 
quently much lower. The losses of 50 per cent. are dis- 
tributed about as follows: Sensible heat in waste gases, 
36 per cent.; CO in waste gases, 9 per cent.; radiation, 5 
per cent. This distribution varies greatly with load, gas 
pressure and position of stack damper. The average 


B.av/ 250 BOILER 
USED IN TESTS ON VARIOUS 
TYPES or BLast FURNACE Gas 
BURNERS 
O> Ponts WHERE TEMPERTuRES | 
ORAFTS RGM BAMPLES WERE TAKEN | 


wy 


Sy} 
\ 


Wa 


SSS 


Lg 


me Pies \ 
Fig. 8 


result of 28 eight hour tests, conducted at Duquesne Blast 
Furnaces on several 250 H.P., B & W Boilers (Fig. 8), is 
as follows: 


OLI1111h 
SSSSSSS 


rats WHERE sas 


PRESSURES were TAKEN 


Stack Loss........ 35.7% 

OO) Ee cates. es 8.4 

Radiation ........ 5.0 

Efficiency ........ 50.9 

EE Se near 300.0 = 120% builders rating. 


While these tests were conducted under operating con- 
ditions, the results may be considered slightly better than 
a continuous average, as observations were suspended 
during unusual periods, such as very low drops in gas 
pressure, ete. Also noticeable bad leaks in settings were 
patched before testing in many cases. 

Complete results of these 28 tests follow, which 
must be considered as studies of combustion rather than 
regulation boiler tests: 
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The following condensed results are quoted to show 
the variations in the different losses and efficiencies: 
Min. 
Max. Stack Loss. 


Stack Loss. Max. 
Min. Eff. CO Loss. Max. Eff. 


Per Cent. of Ratings Developed.............. 110 112 125 


CO,% 13.4 13.0 13.2 
Furnace Gas Analysisz.4 5..s:5 2. 0ea CO 24.8 25.5 25.5 
H, 3.6 3.5 3.6 
{ CO, 16.9 19.6 21.2 
Comb. Chamber Analysis............. O, 7.5 0.2 1.4 
CO 1.0 8.1 6.1 
Co, 8.1 16.1 18.2 
Stack iGaswAnalvsise.. cee eeeae nee O, 14.3 5.9 6.4 
co 0.0 3.5 0.2 
Gas) Pressure (imches) “EO: wscsccis ane ease 3.5 4.0 3.5 
Draft in Furnace (inches) H,O............... .30 35 42 
Furnace Gas Temperature, degs. F........... 60 300 60 
Combustion Chamber Temperature, degs. F.... 1,706 1,690 1,765 
Stack Temperature, degs. F................. 62 565 785 
Calorifie Value of Furnace Gas Cu. Ft. B.T.U.. 90.3 92.3 91.0 
Sensible Heat of si Oy es ae ee 0.0 4.8 0.0 
Total Heat of eS eae SON aah 90.3 97,1 91.0 
Sensible Heat Lost in Stack, per cent....... 59.1 22.2° 34.1 
Unconsumed CO Lost in Stack, per cent....... 0.0 23.8 1.5 
Radiation «(assumed ees eee 5.0 5.0 5.0 
Biliciencey, per eants..... ues cok otk eal ee 35.9 49.0 59.4 


The maximum efficiency, as might be expected, occurs 
with neither a minimum sensible heat loss or CO loss, 
which is generally the case with high efficiencies. This 
efficiency of 59.4 per cent. may be considered about the 
maximum under present conditions and equipment, and 
indicates that, with the attention to details of operation 
as discussed above, a continuous operating efficiency of 
about 58 per cent. is possible at rating up to 175 per cent. 
of full load. It would seem that this is a very low: figure, 
yet it is safe to say that it is exceeded in but very few 
blast-furnace boiler plants. The efficiency of the Duquesne 
Blast Furnace Boilers at the present time is in the vicinity 
of 55 per cent., the plant furnishing steam in addition to 
all blast-furnace requirements, electric power and water 
pumping, at the rate of 2,000 B.H.P. per furnace. Twenty- 
two plants of the United States Steel Corporation, hav- 
ing a total boiler horse power of 241,504, show an average 
operating efficiency of 55 per cent. 
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TEMPERATURES FoR 
175 BW. DEVELOPED SOOH.P B&W. BOILER 


Fig. 9. National Tube Company, McKeesport Works 


An example of the high efficiencies that are possible 
with the old-style burner, coupled with large boilers, long 
combustion chambers, excellent condition of settings and 
baffles, sufficient air supply, damper regulation, and close 


McKeesport Boiler Setting—Wilson Regulating Valve. 
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attention is presented in the performance of the 500 H.P., 
B. & W. Boilers (Fig. 9) at the National Tube Company 
at McKeesport, Pa. (See cut on page 351.) The obser- 
vations and calculations at McKeesport were checked by 
the Experimental Engineering Department of the Du- 
quesne Works, and are shown below: 


Per Cent. of Rating Developed..............-e:ece. 155% 
co, 13.0 
Harnace> Gas; Analysisives, ic. scsteeaeads sme oeisis » co 25.6 
H, 3.2 
co, 24.7 
Combustion Chamber Analysis................ O, 0.1 
CO 2.0 
co, 21.2 
Stack Gas sAnglysis.« (2. "a cul ates oui ane O, 3.7 
co 0.6 


Murnace: Gas Memperatnre a.) <u. nee anette 300°F. 
Combustion Chamber Temperature.................. 2,040°F. 
Stack; Tomperature st) akc tanc do omteece ne oa ee 545°R. 
Calorific Value of Furnace Gas Per Cu. Ft............ BLUS 799 
Sensible Heat of Furnace Gas Per Cu. Ft............ oy 4.8 
Total Heat of Furnace Gas Per Ou. Ft.............. ¥¢ 96.7 
Sensible, Heat iLosh ami Stack amcsmca atin eee 19.0% 
Ungonsumed: GO ost in sstack.6\ te ee ee 3.7 
Radiation) © (assumed )anaelareeo owiehe eee onan 5.0 
BMcleney.5. <i iv. wwe rade ake eee 72.3 


The good analyses and high temperature in combus- 
tion chamber are attributed to proper air supply and long 
Dutch Oven, and the good stack analyses and low stack 
temperature to the excellent condition and attention to 
the settings and baffles. The average monthly efficiency 


of the plant, as stated by their engineering department, is 
68 per cent. An excellent gas valve, designed by Mr. J. 
W. Wilson, assists in the gas control. 


Type 2—Rectangular or circular burner with air con- 
ducted into the gas jet by means of pipes or other open- 
ings, and auxiliary ports through which additional air is 
admitted around the burner nose. 

Two forms of the Birkholz-Terbeck burner, which is 
of this type, are shown in Figs. 10 and 11. The form shown 
in Fig. 11, which is the simpler of the two, will be dis- 
cussed, as both are the same in principle. The primary air 


te le op 
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is admitted in a nozzle placed in the back of the burner. 
Gas from the pipe above passes around this nozzle and 
mixes with the air in the section of pipe following. The 
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PRIMARY AIR 


VY, 
LAIRD, 
SSy 
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BIRKHOLZ TERBECK BURNEFY 
ror 
BLAST FURNACE GAS 


Fig. 10 


theory is that the gas, in passing through the throat into 
the larger area of the mixing chamber, has its pressure re- 
duced and thereby induces flow through the air nozzle 
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proportional to the flow of gas. That sufficient air can- 
not be aspirated in this manner is shown by the provision 
of a secondary inlet at the nose of the burner, which is 
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Birkholz-Terbeeck Burner for Blast Furnace Gas 


Fig. 11. 

affected by stack draft to the same extent as the space 
surrounding the nose of a common burner, and which 
probably supplies as much air as the primary inlet. 
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Therefore, this portion of the air is not mixed before the 
ignition point. No record of gas analyses in the combus- 
tion chamber or flame temperatures are available from 
tests of these burners. However, at the South Works of 
the Illinois Steel Co., comparative tests which were run 
simultaneously on two 325 H.P. Stirling boilers in the 
same battery and at the same rating show similar stack 
analyses and temperatures, and about equal efficiencies 
for both the Birkholz-Terbeck and the common burners. 
A large number of tests were run on a 325 H.P. Rust 
boiler, the one in condensed form following, being repre- . 
sentative of the general average: 


Comman Birkholz- 
Terbeck 
Per Cent,ot Rating Developed... 0.25. J... cae 130 130 
CO.% 14.0 14.0 
Miuanace Gas, AMAlySIs.. e506. ie. erkne oie CO 25.0 25.0 
H, 3.6 3.6 
CO.% Be 
Combustion Chamber Analysis........... O, ; Bee 
co 3 Bela 
CO.% 21.4 22.8 
Bit nigel pa SAM ALY SIS 9 «4 <cgecore) « ieiere oid sree ysiarsis O, 3.8 2.8 
co 0.0 0.3 
Gas PresSiTe ore ses ain cite isso crete) ns 0)0ie 2 eer = ok betes 2a e.\6 15 off 
Dra ti suarty WATNACE sto etc cove warelthe fede teers + oer pet moire 
Furnace Gas Temperature, degs. F.............. 45 45 
Combustion Chamber Temperature, degs. F...... oe atin 
Stack Temperature. 2.0. - - < seme x He boris wie oe 6 ons 872 823 
Calorific Value Furnace Gas Cu. Ft. B.T.U....... 91.9 91.9 
Sensible Heat of Furnace Gas Cu. Ft. B.T.U...... oO 3 
Total Heat of Furnace Gas Cu. Ft. B.T.U........ 91.6 91.6 
Sensible Heat Lost in Stack.............-.-++-- 36.6% 32.8% 
Unconsumed CO Lost in Stack........--.-+.005> 0.0 1.8 
Radiation (assumed), per cent........-++++ee0es 5.0 5.0 
Efficiency, per cent...........---eeeeee rece eee 58.4 60.9 


Tests were also conducted at South Works, on a 355 
H.P. Wheeler boiler, which they state is an uneconomical 
type. Efficiencies around 60 per cent. were obtained and 
were considered quite gratifying for the installation. The 
test results closely resemble those given above, an in- 
creased efficiency was shown in a comparison of the tests 
of 15 per cent. The average result obtained in the 
Wheeler boilers with the former settings showed 45 per 
cent. In the case of these boilers far greater capacity 
should be derived from the Birkholz-Terbeck burners, due 
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to their peculiar adaptation to this type of boiler, than 
was possible to obtain with any adjustment of the former 
method. 


BACON’S TESTS. 


The following description of tests and data sheets 
form a very complete and extremely valuable addition 
to the present paper and are inserted not only for pur- 
poses of burner comparisons but as representative of 
blast furnace gas boiler tests under the conditions de- 
. Seribed, and conducted by one of the most prominent 
steam engineers of the country, Mr. Charles J. Bacon. 

These tests were made to determine the relative per- 
formance of five types of blast furnace gas burners as ap- 
plied to Stirling, Rust and Wheeler boilers. The burners 
are designated herein as 


A. Common type of simple construction, having a 
narrow orifice at the exit and no provisions for mixture 
of gas and air within the burner. The air is admitted 
through the openings in the boiler front around the bur- 
ners. supplemented with air through the fire and ash 
doors, if required. On account of the small orifice this 
burner has the disadvantage of giving a high velocity to 
the gas. 


B. An improved burner, of Bunsen type, the air 
being admitted through a row of six 4-inch tubes with 
adjustable openings, serving also for observation pur- 
poses. The exit opening, of the rectangular form, is 
much larger than in A, so as to give a low velocity to the 
mixture entering the furnace. 


©. Known as the ‘‘Birkholz’’ or ‘*Terbeck’’ burney. 
Also of Bunsen type, but differs from B in many points 
of design. Made to accurate dimensions in circular 
instead of rectangular form, and in addition to an adjust- 
able primary air inlet in the burner proper, it is provided 
with an adjustable secondary inlet for admitting air to 
the furnace. A central glass window, through which the 
flame may be seen, facilitates regulation of the air supply. 


D. Another form of ‘‘Birkholz’’ burner, having three 
adjustable air inlets. 
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K. Similar to ©, differing only in details. 

In making these tests the specific object was to de- 
termine the degree of superiority of the Birkholz burner 
over types A and B in the normal operation of gas-fired 
boilers. Some of the tests were made under approximately 
‘‘test conditions’’ in order to more closely analyze the 
peculiarities of the different burners. In other tests at- 
tempt was made to obtain data on comparative perform- 
ance when both burners were operated by the regular 
boiler attendants. Many of the runs were of only one 
hour or two in duration. The method of measuring evap- 
oration by steam flow meters instead of weighing feed 
water eliminated corrections for variations in water level, 
consequently the effect of varying the operating condi- 
tions and making different adjustments on the burners 
could be investigated in relatively short periods of time. 
Tests of long duration with the attempt to conform to 
normal operating conditions as a rule are not satisfactory 
from an analytical standpoint due to the difficulty of 
keeping a record of variations in evaporation, gas pres- 
sure, etc., but some of the tests closely approximate oper- 
ating conditions. Prior to all tests the boiler furnaces 
and settings were put in good condition in order that 
the value of the results might not be confused by the ef- 
fects of air leakage. 

By consulting the tabulated data it will be seen that 
the gas consumption and efficiencies were not based by 
actual measurement of the fuel gas but by what is known 
as the ‘‘indirect test method,”’ namely, a determination 
of the percentage of stack losses by means of tempera- 
tures and analyses of the stack and fuel gases. By mak- 
ing a reasonable allowance of five per cent. for radiation 
and unaccounted for losses, based on independently con- 
ducted heat balance tests, the percentage of heat use- 
fully employed, i. e., the efficiency, was computed by 
difference. Having thus determined the efficiency, the 
rate of gas flow per unit of time and per boiler horse- 
power was readily obtained. 


a 


eS ee 


BES UY on, ei tis Renescietetsiete aa wns “aleta ieee attletavers ate srete eters ots 


Burner 
Date 
RFEAGION OL LOBU. 5 aie eia eg = aiercrctuetein, stetsthin arate lntetaer snceiniateroys 
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Steam at, Boiler by Gauges. veces cence’: setin cles occievte 
Draft Ender Damper. en ste sis.1<' ie ariel aa elare stele! ates 
Pratt; an) GY RSCG. acre oie ee ale c\ote ctareieia aie ami siaretet stelle 
GaA PYORBUTO iT MAINS eral clciarts ss statatelareloliciesiate/nia cies 
Gas Pressure in Boiler Gas Header...............06. 
Loss of Pressure Through Burner................+. 
Average Temperatures: 
Dieta Meer Bin aE ee So Sn aos ia Seamed Gao GOrr ODmNOr 
Head Water auntering) Boiler oi.c'sicesle\s\t's 0/6 elsra\s 0's 
UR OM CHASOSS oc tateie cis ertal tee, arateistainteaictele ale ietetete aiets chars 
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Oxygen (Opts iGo guibcommaocKo nec OCS 
Carbon Monoxide COs aero wieie stersiviensierie ts steloteratsre 
Hydrogen 
Methane 
Calorific Value of Dry Fuel Gas: 
Per Cu. Ft., High Value Standard Conditions........ 
Per Lb., High WICK cas oor ano onnecnboceadoonsadnc 
Per Cu. Ft., Inc. Sens. and Latent Heat............. 
Per Lb., Inc. Sens. and Latent Heat..............s. 
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Evaporation as Read by Steam Flow Meter.......... ; 


Mactor of Evaporatioussnes mics 6 0s sesiom eee 

Equiv. Evap. Dry Steam from and at 212°F......... 
Horse Power: 

On Basis of 34.5 Lb. from and at 212°F............. 

Builder’s Rating on 10 Sq. Ft. Heating Surface...... 

Per) Cent: Rating Developed :\F.. s.10¢ 0 \s1s;s'ele.cisiets o.aice = 
Efficiency: 

Stack Losses (Caleulated from Flue Gas Conditions) . 

Radiation and Unaccounted for Losses (Assumed).. 

Boiler Efficiency (By Difference)................+. 


Hours 


Lb. Per Sq. In. 


In. Water 
In. Water 
In. Water 
In. Water 
In. Water 


Lb. Per Hr. 
Lb. Per Hr. 


TABLE I 
TESTS OF BURNERS “A” AND “C” ON STIRLING BOILERS 
With Raw Blast Furnace Gas at Normal Pressure 
3 4 


2 
il 2 1 2 1 2 
Cc A Cc A Cc A 
10/7/14 10/7/14 10/8/14 10/8/14 10/8/14 10/8/14 
2.33 2.33 2.00 2.00 183 1.83 
143 143 142 142 137 137 
Eth 82 76 Ay!) 76 80 
14.40 14.40 15.30 15.30 1020 10.20 
1.3 —.05 1.90 25 60 —.28 
2.1 59 2.50 17 130 48 
231 231 224 224 209 209 
202 202 200 200 202 202 
725 795 791 859 688 726 
227760 235650 259430 270000 192250 199600 
520 538 522 543 527 541 
14.55 14.55 13.95 13.95 14.60 14.60 
25 25 .30 -30 20 .20 
25.40 25.40 25.63 25.63 24,88 24.88 
3.05 3.05 3.48 3.48 3.13 4.08 
ale lye ll eat 21 Paik 
94.81 94.81 96.32 96.32 93.68 93.68 
1223.4 1223.4 1258.1 1258.1 1206.2 1206.2 
105.5 105.5 107.2 107.2 103.6 103.6 
1356.3 1356.3 1389.1 1339.1 1333.0 1333.0 
23.20 23.66 23.30 23.20 22.70 21.70 
2.96 2.91 2.70 3.10 3.44 4.09 
18 15 06 0 08 06 
73.66 73.28 73.94 73.70 73.78 74.15 
14257 14257 acts 16176 12000 12000 
1.060 1.060 aly 1.060 
15110 15110 17150 17150 12720 12720 
438 438 497 497 369 369 
360 360 360 360 360 360 
1.217 1.217 1.38 1.38 1,025 1.025 
34.0 36.0 35.1 37.5 32.9 35.2 
5.0 5.0 5.0 5.0 5.0 5.0 
61.0 59.0 59.9 57.5 62.1 59.8 


5 6 7 
1 2 1 2 1 
Cc A Cc A Cc 
10/23/14 10/23/14 10/23/14 10/23/14 10/23/14 
1.00 1.00 0.83 0.83 1.67 
136 136 139 139 139 
.90 86 -90 86 90 
3 43 OF 25 al 
Lt 36 rie x) 6 
170 170 193 193 182 
185 185 184 184 180 
661 683 688 731 636 
175765 181975 216300 210400 150600 
453 469 489.5 476 462 
11 11 10.7 10.7 11.2 
0 3 3 a 4 
26.32 26.32 25.92 25.92 25.78 
4.08 4.8 4.2 4.2 3.62 
42 42 52 52 74 
103.63 103.63 103.65 103.65 102.5 
1375.3 1375.3 1381.5 1381.5 1370 
112.6 112.6 113.1 113.1 112.4 
1491.2 1491.2 1503.8 1503.8 1485 
21.83 20.93 22.3 21.6 19.6 
3.43 3.33 2.3 3.1 5.2 
0 18 1.3 3 0 
74.74 75.56 74.1 75.0 75.2 
12500 oy 14200 14200 10420 
1.0 1.075 1.075 1.080 
13405 13405 15260 15260 11255 
388 388 442 442 326 
360 360 360 360 360 
1.077 1.077 1.227 227 905 
29.3 31.6 34.5 32.8 30.5 
5.0 5.0 5.0 5.0 5.0 
65.7 63.4 60.5 62.2 64.5 
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Six series of tests were made, as follows: 


Table Tests Boilers Burners Gas Conditions Regulation. 
1 ito 7 Stirling A and C Raw gas at med. press. By burners. 
ll p< f By burners 
8to17 Rust A and D Washed gas at low press. & dampers. 


II] 18to27 Rust A and D Washed gas at med. press. By burners. 
IV 28to36 Rust A and D Washed gas at med. press. By dampers. 
notes By burners 

V 37to49 Stirling B and C Washed gas, normal press. & dampers. 
VI 50to053 Wheeler E Washed gas, normal press. By burners. 


Trsts with Burners A AND C on Stirtinc BorEers— 
TaBLeE I. 


The first tests were made on 360 horse-power, Class 
G-19 Stirling boilers Nos. 1-and 2. These boilers were 
supplied with raw gas. 

No. 1 boiler was fitted up with four Birkholz burners 
designated herein as type C. This was the first burner of 
the Birkholz type proposed and had two adjustable air 
inlets, while the later designs D and E had three air in- 
lets and other changes, particularly in respect to the 
shape and positions of the gas and air nozzles. No. 1 
boiler was equipped with these burners in August, 1914, 
and therefore had been operating about two months be- 
fore any systematic tests were attempted. During this 
period the setting had been repaired where necessary and 
the boiler put into generally good condition. In making 
the tests it was desired to obtain data for comparing the 
Birkholz burner with two existing types designated as A 
and B, which had been in use in that boiler house for sev- 
eral years. Therefore No. 2 boiler, which is adjacent to 
No. 1 boiler and provided with a common stack, was 
fitted up for testing burner A. The intention was to test 
burners of type B on this boiler after tests of burner A 
were completed, but this plan was not carried out at this 
time on account of temporary deficiency of gas supply. 
(See tests 37 to 49 for later tests with burner C.) 

Each boiler was equipped with three thermo-electric 
pyrometer couples located under the stack damper, one at 
the middle of the damper opening, and one about one 
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foot from each side wall. The six couples were con- 
nected to a common pyrometer through a multi-point 
switch. Samples of stack gas for analysis were taken 
simultaneously from the same points under the damper 
where the pyrometer couples were located, the gas from 
these three sampling pipes passed into a common header 
from which the sample for analysis was drawn. Two 
Orsats were used, one for each boiler. The evaporation 
was measured by a General Electric Co. recording steam 
flow meter connected to two nozzle plugs, one for each 
boiler. In order to give reliable readings the 8-inch goose- 
necks between the boilers on the main steam header were 
removed, and replaced by temporary 6-inch connections so 
as to give higher steam velocity. Tue connections be- 
tween nozzle plugs and the recording flow meter were so 
arranged that the meter could be changed from one boiler 
to the other by manipulating some small valves. This 
method of using flow meter was adopted to eliminate all 
question as to the relative evaporation of the two boilers. 
In order to have a check on the accuracy of the flow meter, 
a 2-inch by 5¢-inch Venturi meter was installed in the 
feed water connection to No. 1 boiler and readings there- 
on checked within 3 per cent. of the indications of the 
flow meter. During the tests the feed water was regu- 
lated by hand in order to maintain a uniform flow. The 
tests were not run over extended periods, as long tests 
are not necessary when the evaporation is measured with 
steam flow meters. 

In addition to the above observations, readings were 
taken of pressure in the blast furnace gas main, pres- 
sure above the burners, difference in pressure between 
the furnace and burners, stack draft at the dampers, tem- 
peratures of the raw gas and feed water, and pressure 
of the steam. 

Several preliminary tests were made for the purpose 
of putting both boilers in equally good condition. Con- 
siderable difficulty was encountered in finding and stop- 
ping air leakage through the settings, as made evident by 
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taking gas samples and temperatures from different 
points in the damper openings. In spite of all efforts, 
including pointing up to the brickwork and painting it 
with several coats of tar, it was not possible to entirely 
eliminate the leakage. However, it was practically 
equalized on the two boilers. While a moderate amount 
of air leakage may not havea serious effect in the regular 
operation of boilers, it makes testing particularly difficult, 
as it is impossible to determine whether excess oxygen 
shown in the stack gas analysis is due to an excess of 
air at the burner or to air leakage through boiler set- 
ting. Therefore, in order to make comparison of gas 
burners, it was necessary that the setting leakage be 
reduced to a minimum. As the dampers in both boilers 
had been removed by the boiler house operators before 
starting the tests, the regulation of draft to correspond 
to load conditions was impossible. 

In the tests that followed, both boilers were given 
more attention than is customary in normal operation, 
therefore the results may be found of more value tech- 
nically than practically. 

Tests 2, 3 and 4 were made on October 7 and 8, for 
the purpose of comparing the performance of the two 
burners at three different loads, 119, 1385 and 100 per 
cent. rating. In each test combustion was made as nearly 
perfect as possible and it will be seen from Table 1 that 
the stack analyses were equally good for both types of 
purners, but the common burner A on No. 2 boiler gave 
high stack temperatures, which had the effect of slightly 
increasing the stack losses. Tn these three tests, the ef- 
ficiency, calculated by the indirect method, was found 
to be about two per cent. higher with the Birkholz burners 

than with the common burners. 
' Following these tests, one of the two blast furnaces 
was blown out, resulting in diminishing gas supply. The 
boilers were then taken off for thorough overhauling and 
cleaning, so that the tests were not resumed until October 
93, when tests 5, 6 and 7 were run. 
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With variable gas pressure, such as occurs in nor- 
mal operation, and without regulation of air supply, 
burners A and C gave practically the same results. In 
test 5 the burners were adjusted to give nearly perfect 
combustion at approximately boiler rating. In order to 
determine the relative action of both burners, the gas 
pressure in the header above the burner was increased 
on test 6, resulting in higher stack temperature and an 
increase in the amount of CO in the stack. A comparison 
of the stack anaylses indicated that the common burner 
automatically regulated its air supply at least as well as 
the Birkholz burner. The stack temperature, however, 
increased more with burner A than with burner C. Fol- 
lowing this, test 7 was run by reducing the gas pressure 
above all the burners, resulting in elimination of CO in 
the stack gas, an increase in excess oxygen, and a de- 
crease in stack temperature so that the difference in 
efficiency still remained about the same for both burners. 

The Birkholz burners are equipped with glass win- 
dows, enabling the operator to control by the eye, to a 
certain extent, the quality of the mixture. Although the 
air supply was not altered during tests 6 and 7, it was 
evident that the regulation of burner ( could have been 
improved by using the observation window as a guide. 
It was found when burning dirty gas that, by the ad- 
justment of the air ports so as to give a slightly smoky 
appearance of the flame at the mouth of the burner, 
relatively good combustion could be obtained, but ob- 
viously the best results were obtainable by analyzing the 
products of combustion. 
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TrEsts with Burners A anp D on Rust Borters— 
TasueE II. 


The second series of tests were made on two 325 
horse-power Rust boilers No. 33 and 34. These boilers’ 
were supplied with washed gas. No. 34 boiler was 
equipped with four Birkholz burners designated herein 
as type D shown on drawings 2 and 17759. This type 
has three adjustable air inlets and is also equipped with 
a movable nozzle operated by means of a hand wheel and 
. serew. The nozzle slides in a sleeve which conducts the 
air from the first set of air inlets to the mixing chamber.. 
The purpose of this nozzle is to provide a means of vary- 
ing the gas nozzle discharge area and thereby the gas 
velocity. 

No. 33 boiler, having two old burners of type A, was 
fitted up for testing. Both boilers are connected to an 
economizer from which the gas passes to a concrete stack 
175 feet high. Each boiler was equipped with similar 
testing apparatus as that used in the first series of tests 
on Stirling boilers. A separate General Electric steam 
flow meter was provided for each boiler. The piping 
and valves were arranged such that both steam meters 
could be connected to either nozzle plug thereby permit- 
ting a comparison of the records of the two instruments. 
As in series I, a Venturi meter was used to check the 
steam metered. 

Preliminary tests were made for the purpose of put- 
ting the boilers in equally good condition. With this end 
in view, the ash pit and firing doors were bricked up, 
except in No. 33 boiler small openings were left in the 
doors to permit the addition of more air for combustion 
than that provided by space around the burner. Stack 
gas temperatures and analyses were taken as in the first 
series of tests, and air leakage through the boiler settings 
reduced to a minimum as shown by stack observations. 

Tests 13, 14, 16 and 17 were run under conditions 
closely approximating those of normal operation. Ad- 
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Mest INO... sic scvgie dla pious esis aoe ee Is tetera ieee tot cnet eter a 
S90) aw oe aa ee Ree PA es een toe ace a re 33 
BUYER Pec neice Baie aie ees hav al om grand maeraraestatedahs A 
Dates..c--oqtie's euahee oe otek mee mas a ee ee oe ee 12/11/14 
Duration. of Rest. ../..7 ac soe nas oe aake o cee Cet ee ae a eta Hours 2.33 | 
Average Pressures: 
Steam ‘atnBoiler by; Gauses.. ie, >). see men eee Lb. Per Sq. In. 130 
Draft. Under Damper. sic =’ s-o cw aie apa seitin le se a tle In. Water 0.61 
Draft in Purnaces oc gst ehh ne at se oe eee eae ie In. Water | 
Gas ‘Pressure an. Main, (20 wt. dstoats set. seis ain In. Water 1.30 
Gas Pressure in Boiler Gas Header... +.....<..:.....-- In. Water 
Lotsof Pressure Through Burner... 5-224 ..<5> In. Water 
Average Temperatures: F 
Fuel Gasvon Wate opine ene cad oes: see eel ere ie Deg. F. 45.0 — 
Feed Water bntering) Boilers. << 25 224 «see. cow eesians Deg. F. 280 
PhACK GREE asec vias etal hota am Mele oie ra iee aie he pete Deg. F. 867 
Fuel: : 
Gas Per Hour (Calculated) St’d Conditions......... Cu. Ft. 195500 
Gas Per. Boiler Horde-powersaic.cis<m glee teen Cu. Ft. 546.5 — 
Analysis of Fuel Gas: 
Carbon: Dioxide SOO. camis nascent ace oe ees % 9.90 
Oxygen estate. ts was 45> “sacle eee aa % 30 
Carbon Monoxide cCQinias vw. coenuwea tones & amie eee % 26.88 
Hydrogen TEL asin Gales bo: tothe. ci Se eee er ee % 2.72 
Methane GE goa aak otis a tusks mtsioa cae % 16. 
Calorific Value of Dry Fuel Gas: : 
Per Cu. Ft., High Value Standard Conditions....... BLU, 98.5 
Par Lb. High /Velugiecen ccyae cote eee Cee Brr-U; 1298.8 
Per Lb., Incl. Sens. and Latent Heat.........:..... Bou. 1307.2 
Per Cu. Ft., Inc., Sens. and Latent Heat............ BLY. 99.4 
Analysis of Stack Gas: 
Carbon =Dioxider “COX. Sin os saa oes cpt eee eee % 21.7 
Oxygen iso lack ahd nie cate ok Ree % 2.4 
Carbon Monoxtile O01. i.5 3 «stevens coke oe nee es SR % . 0.26 
Nitrogen N. (By Differenqs):s2 2.0) ee: % 75.64 
Water Per Hour: 
Evaporation as Read by Steam Flow Meter.......... Lb. Per Hr. 12360 
Factor of Wvaposation ..<; is. 045s. feces dveuc ian ee A] 
Equiv. Evap. Dry Steam, from at and at 212° F..... Lb. Per Hr. 12040 
Horse Power: 
On Basis of 34.5 Lb. from and at 212° F............ BAP: 358 
Builder’s Rating on 10 Sq. Ft. Heating Surface... .. BHP 325 
Per Cent, Rating Developed..........0c.ccecccnees % 110 
Efficiency: 
Stack Losses (Calculated from Flue Gas Conditions) . . % 33.3 
Radiation and Unaccounted for Losses (Assumed)... % 5.0 


Boiler Efficiency (By Difference) 
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Gas at Low Pressure 


13 14 
34 33 34 
D A D 
12/11/14. «12/11/14—S 12/12/14 
2.33 3.00 3.00 
130 125 125 
0.73 0.61 0.72 
1.30 1.00 1.00 
0.60 
45.0 45.0 45.0 
~ 280 275 275 
771 848 741 
181800 176000 182800 
= 527 552 586 
- = 9.90 10.2 10.2 
e 30 8 8 
26.88 26.8 26.8 
e 272 2.2 2.2 
2 
; 16 2 
—° 98:5 96.8 96.8 
1298.8 1274.1 1274.1 
1307.2 1282.5 1282.5 
99.4 98.1 98.1 
20.4 20.7 17.3 
3.9 3.8 5.2 
0.2 0.0 0.6 
15.5 75.5 76.9 
11920 11000 10770 
974 978 
11600 10750 10525 
345 319 312 
325 325 325 
106.2 98.2 96 
33.1 36.7 
5.0 5.0 
61.9 58.3 
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justments were made on the burners both as a result of 
gas analyses and by observing the appearance of the 
flame in the furnace. Hight labor shifts were made, one 
man from the engineering department on each shift, who 
took continuous stack gas samples over one hour periods 
at the same time taking stack temperatures every 15 
minutes. The flow meters in the meantime were giving a 
continuous record of evaporation. As conditions changed, 
adjustments were made on the burners of both boilers 
by observing furnace conditions and by results of gas 
analysis at the end of each hour. 

The stack gas analysis taken on burner A showed 
equally as good combustion as the analysis from burner 
D. However, the average stack temperature with burner 
D averaged 100 degrees lower than with burner A. The 
greatest difference in stack temperature generally oc- 
curred during tests with low gas pressure, which would 
indicate stratification on the furnace gases with conse- 
quent combustion in the boiler passes. 

The addition of the second set of primary air ports 
of burner D as compared to burner C is not warranted 
by the test results. Equally good results could be ob- 
tained with burner C, which is of simple construction 
and more easily regulated. 


TABLE III 
TESTS OF BURNERS “A” AND “D” ON RUST BOILERS 
With Washed Blast Furnace Gas at Medium Pressure 
Burner Regulation 


ES, ee ee, Cer eee 18 19 20 21 22 23 24 25 26 27 
Boiler No......-.. Fe RN i in MT vac, ect Sen Man's 33 34 33 34 33 34 33 34 33 34 3 34 33 34 33 34 33 34 33 
0 ere Te Pe, <a EO Ra A D A D A D A D A D A D A D A D A D A 
SR SE ee ee to erent see 2/24/15 2/24/15 2/24/15 2/24/15 2/25/15 2/25/15 2/25/15 2/25/15 2/26/15 2/26/15 2/26/15 2/26/15 2/26/15 2/26/15 3/2/15 3/2/15 3/2/15 3/2/15 3/2/15 
ge nga ap Os eee ge eS a eg Hours 3.00 3.00 2.00 2.00 1.92 1.92 1.50 1.50 1.67 1.67 1.17 1.17 1.25 1.25 1.50 1.50 2.00 2.00 1,00 
Average Pressures: z 
farean eae oeler Wy Gua res a5). co cin 5c caren as Sak om 2's Lb. Per Sq. In. 130 130 125 125 130 130 135 135 120 120 120 120 120 120 138 138 138 138 137 
Seeerhy Arbor PRAM PE? sean oa a winig ce KG sce o/s ae rsin's In. Water 0.815 0.69 0.83 0.64 0.853 0.80 0.89 0.887 0.937 0.871 0.89 0.725 0.91 0.74 0.86 0.81 0.86 0.78 0.89 
OOS EE Ree ee Chee he Saori maces In. Water 
SE ee ee ee ae erie In. Water 3.5 3.5 3.5 3.5 3.9 3.9 3.5 3.5 1.5 1.5 3.3 3.3 3.5 3.5 4.4 4.4 3.5 3.5 4.0 
Gas Pressure in Boiler Gas Header................ In. Water 0.3 1.4 0.8 2.5 0.15 0.7 0.2 1.5 -0.1 0.8 0.8 2.4 0.7 2.2 0.2 15 0.7 2.2 0.1 
Loss of Pressure Through Burner.................. In. Water 
Average Temperatures: 
area mes, Fins MEE RSs wht Sins av ig, «sere SoS sas 5/051 0h Deg. F. 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 
Mead Water Eatering Boiler... . 2... 3.05. e cee ees Deg. F. 275 275 260 260 285 285 275 275 238 238 240 240 278 278 245 245 240 240 288 
5 SA ys COE gE OE eee er OO ee Deg. F. 898 881 946 925 872 823 900 898 809 812 978 928 978 951 876 861 941 890 820 
Gas Per Hour (Caleulated) St’d Conditions......... Cu. Ft. 241600 215400 267700 239800 208600 183200 227300 215800 212800 209500 270800 227200 265800 237800 203900 202700 263900 230900 174800 
an Por: Boiler Horse Power. <6 ei< 035% css se scious Cu. Ft. 627.5 590.5 636.0 605.5 598.0 576.0 618.0 586.5 652.5 631.0 643.0 588.7 637.2 593.0 601.0 598.0 692.5 617.5 664.4 
Analysis of Fuel Gas: 
ivan Sadxedd ~ “i See. 2S. ow cess : % 13.2 13.2 13.8 13.8 14.0 14.0 14.0 14.0 12.6 12.6 12.0 12.0 12.0 12.0 11.5 11.5 13.0 13.0 13.5 
Oxygen bite aR es w See acters Gs % 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
maakt Mammens OR te ce ee ne % 24.8 24.8 24.8 24.8 25.0 25.0 25.0 25.0 23.8 23.8 25.6 25.6 25.8 25.8 24.4 24.4 25.0 25.0 24.2 
Hydrogen FEis TROL tee. Seer eas cas ne % 3.0 3.0 3.2 3.2 3.6 3.6 3.6 3.6 2.0 2.0 3.0 3.0 2.8 2.8 3.2 3.2 2.6 2.6 2.4 
Methane Ca dc eta ear eee Shoe aietar % 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.2 
Calorifie Value of Dry Fuel Gas: 
Per Cu. Ft., High Value Standard Conditions....... Lee 93.0 93.0 93.6 93.6 94.5 94.5 94.5 94.5 86.4 86.4 95.6 95.6 95.56 95.56 91.3 91.3 91.3 91.3 89.04 
SEMEL RRM MMM eel c a cul eachote aie ca tides «5, <4 B.T.U. 1208.1 1208.1 1213:7 1213.7 1229.7 1229.7 1229.7 1229.7 1117.7 ala fer 1249.1 1249.1 1242.7 1242.7 1195.2 1195.2 1190.0 1190.0 1146.1 
Per Cu. Ft., Incl. Sens. and Latent Heat............ B.T.U. 93.8 93.8 94.4 94.4 95.45 95.45 95.45 95.45 87.3 87.3 96.45 96.45 96.1 96.1 91.8 91.8 92.7 92.7 89.6 
Per Lb., Ine. Sents. and Latent Heat............... Bebeels 1216.3 1216.3 1221.8 1221.8 1237.9 1237.9 1237.9 1237.9 1125.8 1125.8 1257.4 1257.4 1250.9 1250.9 1203.5 1203.5 11 98.1 1198.1 1154.2 
Analysis of Stack Gas: 
SrmuneeeaniCer (ONDE oe cco e oc ticiatia os aleve aia wis eas % 21.6 22.8 22.6 23.7 21.4 22.8 21.2 23.1 21.1 21.3 21.5 22.7 21.1 22.6 21.9 21.8 23.3 23.3 18.7 
Oxygen OP a vesicle a iiaeioe a2 nim sas % 2.9 2.6 2.6 2.0 3.8 2.8 3.4 2.5 3.1 3:3 2.6 2.4 3.0 2.6 3.5 3.5 1.2 2.8 6.2 
Se MEOMGRIAS CANS ss 2 sed Satie oa sire ines pele % 0.3 0.0 0.3 0.2 0.0 0.3 0.1 0.0 0.4 0.1 0.5 0.2 0.2 0.0 0.0 0.0 0.45 0.2 0.0 
Nitrogen Ni( By, Difference) 32.6 sc... .0<%: - % 75.2 74.6 74.5 74.1 74.8 74.1 75.3 74.4 75.3 75.3 75.4 74.7 75.7 74.8 74.6 74.7 74.05 74.7 75.1 
Water Per Hour: 
Evaporation as Read by Steam Flow Meter......... Lb. Per Hr. 13560 12870 14600 13740 12410 11330 12975 12975 11060 11260 14320 13130 14740 14190 11590 11590 12960 12720 9390 
meter OF vB pOEASiOn: | sesso oes scan nib 5.8 o wrerets Bins - 0.979 0.979 0.994 0.994 0.969 0.969 0.98 0.98 1.016 1.016 1.014 1.014 0.975 0.975 1.011 1.011 1.015 1.015 0.966 
Equy. Evap. Dry Steam, from and at 212°F......... Lb. Per Hr. 13270 12600 14510 13660 12030 10980 12710 12710 11230 11440 14520 13310 14370 13830 11710 11710 13160 12910 9070 
Horse Power: 
On Basis of 34.5 Lb. from and at 212° F........... BHR: 385 365 421 396 349 318 368 368 326 332 421 386 417 401 339 339 381 374 263 
Builder’s Rating on 10 Sq. Ft. Heating Surface...... B.HLPs 325 325 825 325 325 325 325 325 325 325 325 325 325 325 325 325 325 325 325 
rer tents Rating | Developed. 5620s. -oeess vases, % 118.5 112.4 129.6 121.9 107.4 97.8 113.2 113.2 100.3 102.2 129.6 118.8 128.3 123.4 104.3 104.3 117.2 115.1 80.9 
Efficiency: 
Stack Losses (Calculated from Flue Gas Conditions) . % 38.1 34.5 39.2 36.4 36.4 34.1 38.2 35.2 36.2 34.2 41.0 36.0 40.3 36.2 34.3 34.0 42.8 36.5 38.7 
Radiation and Unaccounted for Losses (Assumed)... % 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 
Boiler Efficiency (By Difference).................. % 56.9 60.5 55.8 58.6 58.6 60.9 56.8 59.8 58.8 60.8 54.0 59.0 54.7 58.8 60.7 61.0 52.2 58.5 56.3 
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Trsts with Burners A anv D on Rust BoiLeErs— 
Tasues LIT anp LV. 


The third and fourth series of tests, 18 to 36, inclu- 
sive, were made on the same Rust boilers from February 
24 to March 2, 1915. After conducting the tests in De- 
cember, 1914, at this boiler house, the gas pressure had 
increased sufficiently to permit operating the test boilers 
at greater loads. 

In conducting these tests, the methods of obtaining 
the results were the same as in all the previous tests. 
Before starting, the same precautions were taken to re- 
duce boiler setting air leakage to a minimum. It was 
decided to operate the boilers by two distinct methods of 
controlling the air supply in obtaining the load efficiency 
curves: (a) by regulating the burners,—tests 18 to 27, 
curve sheet 2, and (b) by regulating the damper, tests 28 
to 36, curve sheet 3. 

During tests 18 to 27 inclusive, the dampers were wide 
open on both boilers and the proper amount of air for 
combustion, as determined by stack gas analysis, was 
regulated at the burners. In obtaining the load curve 
as shown by curve sheet 2 the gas pressure in the boiler 
gas headers on both boilers was maintained as nearly 
‘constant as possible after once establishing the desired 
load. This was accomplished by hand operation of the 
gas valves in the down-comers to each header. 

During tests 28 to 36, inclusive, the dampers were regu- 
lated by hand, thereby controlling the amount of air in- 
duced by the stack draft through and around the burners 
of the two boilers. The gas pressure was regulated as 
in tests 18 to 27. Both boilers were supplied with as 
much gas as could be efficiently burned with the dampers 
wide open, the air ports on both types of burners being 
adjusted to give the required amount of air. Having es- 
tablished this maximum as a starting point on the load 
curve, curve sheet 3, the other points were obtained by 
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TABLE IV 
TESTS OF BURNERS “A” AND: “D 
With Washed Blast Furnace Gas a 
Damper Regulation) 
POSE CINON Ae sieve the Sine, ele sphennc ste tale bt eer Rate toe xcs" spall ere 28 29 
BGilOn NOS 5 rss: ctr, 2s cits. Mumia rented aia ade eae 34 34 
SSUUPNIOY ye oe cae x's aly no ote erutpv ene «teen Rie oars rei onal ae Rama ive tears D D 
ACG) dr ntient Save 5 vied 2& Geena Gomer tects sees a ee cee 3/16/15 3/16/1 
Duration Ol. Vestiar. shore, caaneilee oe sae ree head epee a ae Hours 1.00 1.00 
Average Pressures: 
Steam: at, Boiler by. 'Guare. Me. 2. .~cales vine ak de 2 os Lb. Per Sq. In. 134 131 
Dratt<Uinders Damper ct.vaen.fn was econ ote rere aren eee In. Water 56 41 
Dratgs ins BUTnAace. 6.190% si. dahb. mata eerot ees amas In. Water 1 0 
Gas /Rressure-in Main it. = nace kame hede oaee cite In. Water 4.2 4.8 
Gas Pressure in Boiler Gas Header................ In. Water 3 2 
Loss of Pressure Through Burner...............:.. In. Water 3.11 2.08 
Average Temperatures: 
pel UG) CPSP LI UMEALIN, cers. ainsel cmtetey Gree eee ae ee Deg. F. 45 45 
Féed Water: Entering Boilers... . 0k << ceen ween eas s Deg. F. 277 275 ; 
UNCES CASES wc goiter anlar cine Lee cee ce ee eee Deg. F. 961 940 
Fuel: 
Gas Per Hour (Caleulated) St’d Conditions......... Cu. Ft 223000 196800 
Gis ‘Per. Boller Horsa Powers oncom seme nanreetene Cu. Ft 650.5 639.0 
Analysis of Fuel Gas: 
Carbon’ Dioxide =; COs cans condom oe eee aces eiree % 12.8 12.8 #) 
Oxygen s,s 2P ae COlKE, Sakata carlo oeeren aan tee sat % 0.0 0.0 
Warbon-: Monoxide: Olen taiocace ma ck ene Ee ae % 23.6 23.6 7 
Hydrogen Te ese cee ag, a Oe % 3.2 3.2 8 
Methane OH s.cs aaah Rage (ok ie % 0.1 Ol 
Nitrogen INP Sos Serene doyle ne Caan she es % 60.3 60.3 
Calorifie Value of Dry Fuel Gas: 4 
Per Cu. Ft., High Value Standard Conditions........ BoE: 88.7 88.7 @ 
EOP. dsb. Fgh VOGT... .\ cans cnr knits ce Bee. 1152.6 1152.6 i 
Per Cu. Ft., Inc. Sens. and Latent Heat............. B.T.U. 89.4 89.4 ii 
Per Lb.;. Ine. Sens. and Latent Heat................ B.T.U 1160.8 1160.8 
Analysis of Stack Gas: f 
Carbon Dioxlde OO) Sicha. ss ths od dows ea aes AR % 24.03 23.26 1 
Oxygen Oe lmiruy st kinase SSE ROA % 1.46 2.26 ©: 
Carhen Monoxide OO). .'.5\ S .050<hs we ime eee % 26 ii 
Nitrogen N (By Difference).............. % 74.25 74.48 | 
Water Per Hour: 7 
Evaporation as Read by Steam Flow Meter.......... Lb. Per Hr. 12100 10860 1 
Wactoy of Kvaporeuon cin. s non <siks sedi eedae wees : 979 
Equiv. Evap. Dry Steam, from and at 212° F........ Lb. Per Hr. 11830 10630, 
Horse Power: } 
On Basis of 34,5 Lb. from and at 212° F............ B.H.P 343 308 & 
Builder’s Rating on 10 Sq. Ft. Heating Surface... ... BAe 825 8250 
Per Cent, Rating Developed..........cecncccccecece % 105.5 94.8 © 
Efficiency : i 
Stack Losses (Calculated from Flue Gas Conditions) . % 37.4 36.4 
Radiation and Unaceounted for Losses (Assumed)... % 5.0 5.0 @ 
Boiler Efficiency (By Difference) ................. % 57.6 58.6 7 
i 
i 
7 
4 
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ON RUST BOILERS 


Medium Pressure 


; 30 31 
2. so eet 34 
& D D 
L 3/16/15 3/16/15 
x 1.00 1.00 
£ 
- 137 138 
$ 227 093 
‘4 06 04 
53° 4.0 
: 1 5 
t 1.06 54 
4 45 45 
4 276 273 
g 825 714 
i 163400 118100 
: 592.5 562.5 
3 12.8 12.8 
: 0.0 0.0 
=: 23.6 23.6 
3.2 3.2 
0.1 0.1 
60.3 60.3 
88.7 88.7 
1152.6 1152.6 
89.4 9,4 
1160.8 1160.8 
23.46 22.66 
2.13 3.1 
74.41 74.24 
9720 7375 
979 982 
9510 7240 
275.7 210 
325 325 
84.8 64.6 
31.8 28.4 
5.0 5.0 
63.2 66.6 
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33 
33 
A 
3/17/15 
1.00 


229200 
652.5 


oH Da Ob 


12380 
12100 


351 
325 
108.0 


37.6 
5.0 
57.4 
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34 35 36 
33 33 33 
A A A 
8/17/15 8/17/15 8/19/15 
1.00 1.00 1.00 
~ 135 134 136 
195 087 85 
.099 072 21 
6.0 6.0 3.7 
3 Ble 8 
399 172 1,01 
45 45 45 
281 275 288 
782 648 1050 
151600 96900 241600 
580.5 540.5 709.5 
13.2 13.2 14.0 
0.0 0.0 0.0 
23.6 23.6 22.4 
3.2 3.2 3.8 
All nll oll 
59.9 59.9 59.7 
88.7 88.7 86.74 
1152.6 1152.6 1128.54 
89.4 89.4 87.5 
1160.8 1160.8 1136.7 
25.1 23.075 23.95 
1.15 2.65 1.75 
375 0.0 
73.370 74.275 74.3 
9250 6295 12173 
974 982 .966 
9010 6180 11750 
261 179.2 340.5 
325 825 825 
80.3 55.2 104.7 
30.5 25.7 41.06 
5.0 5.0 5.0 
64.5 69.3 53.04 


370 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


reducing the gas pressure, but instead of adjusting the 
air ports at the burners as in tests 18 to 27, inclusive, the 
dampers were closed until stack analysis indicated good 
combustion. It will be noted by comparing curve sheets 
2 and 3, which are plotted to the same scale, that when 


operating with damper control, the boiler efficiency was 
about the same on both boilers, while with burner regu- 
lation of the air, the Birkholz burner D shows about two 
per cent. higher efficiency. 

These tests also made it evident that it was extremely 
difficult to make reliable adjustment of the burners when 


judged solely by the appearance of the flame. The pres- _ 


anny finiteness: ss Come ammeter 


BURNING BLAST FURNACE GAS—DIEHL Bifil 


ence of moisture and dust gave deceptive effect, more- 
over it was shown that the best combustion was accom- 
panied by a slightly smoky appearance of the flame, as 
seen through the glass observation windows, rather than 
by the bluish-white color usually supposed to indicate 
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perfect combustion. Some special tests demonstrated 
that the aspirating effect of Birkholz burner D could not 
be depended upon to supply the proper amount of air 
for combustion under varying conditions of gas supply 
and stack draft. The exercise of considerable manual 
adjustment by experienced attendants was necessary to 
accomplish lasting improvement. The mechanical de- 
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vices of the Birkholz burner facilitated such adjustment, 
but the burner would not give uniformly good results 
when left unattended. In comparing the data from these 
tests it should not be overlooked that the settings and 
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furnaces of boilers with both types of burners had greater - 
effect in improving the combustion and efficiency than sian! 
particular type of burner used. 
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TABLE V 
TESTS OF BURNERS “B” AND “C” ON STIRLING BOILERS 
With Washed Blast Furnace Gas at en Pressure 


ee PUL « Gwe s CG UUW As aa Saw ee mans nse e teaser eee raeaios 37 38 39 40 41 42 43 45 46 47 48 49 
Rr PD 6b Vii iixte nan EN S Suis oS OSS RA Kine 688s ween eS 1 1 1 1 1 1 2 1 2 1 2 1 2 1 2 1 2 1 2 
SEE Ge Gas we cua e ea ay Pee ona Nes we viva kas sauna ven hs C C C C C Cc B C B C B C B Cc B C B B 
RCM. Sites. sucks ae celia eect adele wan sas cdeee encase 5/31/15 5/31/15 6/1/15 6/1/15 6/1/15 6/2/15 6/3/15 6/3/15 6/3/15 6/4/15 6/4/15 6/4/15 6/4/15 6/12/15 6/12/15 6/12/15 6/12/15 6/12/15 6/12/15 
Meration Of Teak... cca n snc dene ccsswces sesecccassecess Hours 1.83 1.00 1.00 1.00 1.50 1.00 2.00 1.00 1.00 1.67 1.67 2.00 2.00 0.67 0.67 1.00 1.00 0.67 0.67 
Average Pressure 
Steam at Boiler Wey NEL cats con geaia's Vase xe 8s Lb. Per Sq. In. 135 136 133 134 132 136 137 138 138 138 138 138 138 139 139 137 137 130 130 
Draft Under Damper..........--seeceeecencsccces In Water -.770 —.780 —.800 —.078 -.610 —.780 —.883 —.880 —.850 —.815 -.877 -—.776 -.804 -.89 -.89 —.885 -.975 94 —-.965 
itt: He CPGERRBO 1 ao So aa ccna a Sates tues 6 sy + of In Water -.6 -.55 —.50 -.51 -.50 -.50 —.74 -.725 -.70 —.66 .70 -.70 —.75 —.766 -.87 -.58 
Gas Pressure in Main. ... 2... cence ects cece scecs In Water 9.9 10.85 9.6 9.1 9.7 9.6 8.8 9.0 9.0 10.7 10.7 10.0 10.0 11.60 11.60 11.1 11.1 10.75 10.75 
Gas Pressure in Boiler Gas Header..........-.+e0- In Water 1.20 0.75 0.35 0.10 0.35 1.20 -0.34 75 -0.35 0.15 —0.67 -0.25 —.734 —.315 +.30 —.418 0.0 -.657 +1.40 
Loss of Pressure Through Burner..........+-.+-0-- In Water 
Average Temperatures: 
Wank Gad in’ Main G2 aban sae sce Sais cnc elec eianeis.s a0 Deg. F. 88 85 93 90 87 87 86 86 86 86 86 86 86 92 92 92 92 92 92 
Feed Water Entering Boiler...........0-2+--+se00: Deg. F. 195 185 190 195 190 193 195 203 203 195 195 198 198 201.0 201.0 201.0 .. 201.0 192 193 
SeReRE DERM. ak ste pam a winnie ks Caine ome Nisin slew ae Deg. F. 656 642 598 571 625 734 714 721 709 684 648 579 549 733 784 746 752 833 644 
ERROR. CISTO 2 So dee oie eS cls SRce Scie ais s S'S eels eine are als Deg. F. 2020 1880 1905 1865 1905 2105 2015 1925 1742 
Fuel: 
Gas Per Hour (Caleulated St’d Conditions.......... Cu. Ft. 231000 207000 168400 159200 167100 247000 230500 190800 204100 185200 177200 129200 118600 189700 216800 173900 187600 210200 135200 
Gas Per Boiler Horse Power..........-ees-eeeeeeces Cu. Ft. 518 478.5 466 479.5 470 489 518.5 492 499 529 541 521 499.5 565 552 562 594 521 
Analysis of Fuel Gas: 
Carbon Dioxide ae re ee eee ee Piaists atin, aie os6, Sos % 13.4 13.6 12.0 12.2 12.6 12.0 11.0 11.0 11.0 14.2 14.2 14.2 14.2 13.5 13.5 13.5 13.5 13.5 13.5 
Ce cd: Arti xn cee cities «saisinntin meio s0''s Hie’ % 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
poe Monoxide C0 D actreie Wemarebininate sais checewiate,s oa ole % 26.6 27.4 27.0 26.8 27.0 27.6 27.2 27.2 27.2 25.8 25.8 25.8 25.8 25.8 25.8 25.8 25.8 25.8 25.8 
Hydrogan! 0) Wh Bitink ces coneveeesecen sevens: % 2.2 2.2 2.4 2.2 3.0 2.4 2.6 2.6 2.6 2.2 2.2 2.2 2.2 2.0 2.0 2.0 2.0 2.0 2.0 
Methane cH, ee oye Ee ee = oe % 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
Nitrogen H (By Difference)... 26.22.0263 % 57.6 56.6 58.4 58.6 57.2 57.8 59.0 59.0 59.0 57.6 57.6 57.6 57.6 58.5 58.5 58.5 58.5 58.5 58.5 
Calorifie Value of Dry Fuel Gas: 
Per Cu. Ft., High Value Standard Conditions........ B.T.U 96.17 98.81 98.18 96.81 100.15 100.7 99.44 99.44 99.44 93.57 93.57 93.57 93.57 93.2 93.2 93.2 93.2 93.2 
Per Lb., High Waals oe den dea he ae vow ete alsidn'e re B.T.U 1229.3 1271.8 1294.3 1255.8 1298.55 1304.3 1291.1 1291.1 1291.1 1201.80 1201.80 1201.80 1201.80 1198.7 1198.7 1198.7 1198.7 1198.7 1198.7 
Per Cu. Ft., Inc. Sens, and Latent Heat............. B.T.U 98.4 101.6 101.8 100.1 102.6 103.2 101.5 101.5 101.5 96.5 96.5 96.5 96.5 96.6 96.6 96.6 96.6 6 
Per Lb., Inc. Sens. and Latent Heat.............06+ 133/018 1265.79 1304.63 1338.42 1295.14 1334.18 1339.88 1325.67 1325.67 1325.67 1235.74 1235.74 1235.74 1235.74 1260.5 1240.5 1240.5 1240.5 1240.5 1240.5 
Analysis of Stack Gas: 
Garbon Dioxide COs... 2. ci. acse we cies cs enscccces % 23.74 23.8 23.3 22.6 21.9 22.65 21.25 22.3 22.6 22.4 20.54 21.400 19.93 21.8 23.1 20.7 23.4 24.6 - 21.0 
Oxygen es ae ee Oe % 1,94 2.4 2.25 2.8 3.8 2.60 3.32 3.06 3.0 3.0 3.72 3.620 4.65 4.0 2.9 4.7 2.8 9 4.6 
Peshon! Manowida tO ©. occ sit ccs ok vs Se Bees dade % 0.74 0.0 0.15 0.45 0.0 0.00 0.62 0.00 0.4 9.1 0.30 0.562 0.00 0.0 0.0 0.0 0.1 9 0.0 
~ noes N (By Difference) ...........4.-- % 73.58 73.8 74.30 74.15 74.3 74.75 74.81 74.64 74.00 74.5 75.44 74.418 75.42 74.2 74.0 74.6 73.7 73.6 74.4 
ater Per Hour: ; 
Evaporation as Read by Steam Flow Meter......... Lb. Per Hr. re 13920 11650 10775 11480 16350 14440 12700 13380 11380 10640 8080 7735 4 12817 0 8460 
Factor of Evaporation.......-.22---e-seesceeseees 1.062 1.072 1,068 1.062 1,068 1.065 1.062 1.054 1.054 1.062 1.062 1.06 1.06 1.057 1.057 : 0057 121° 057 een 1.063 
a Equiv. Evap. Dry Steam, from and at 212. F........ Lb. Per Hr. 15370 14920 12450 11450 12265 17410 15340 13380 14110 12085 11300 8560 8200 11580 13540 10670 11930 12210 8995 
orse Power: 
On Basis of 34.5 Lb. from and at 212° F............ BHP. 446 432.5 361 332 355.5 505 444.5 388 409 350 327.5 248 237.5 335. a 354.0 
Builder’s Rating on 10 Sq. Ft. Heating Surface...... IB-EE. 360 360 360 360 360 360 360 360 360 360 360 360 360 360 : 380 ; 300. son 360 360 
. Per Cent, Rating Developed......... aA Sis RS OpenoS % 1.24 1,202 1.003 _ 922 988 1.403 1.235 1.078 1,132 972 91 689 66 93.3 109.2 85.9 96.1 98.4 72.1 
ciency: 
Stack Losses (Calculated from Flue Gas Conditions) . % 29.3 25.0 24.4 25.2 25.5 28.6 31.4 27.9 28.9 29.3 30.85 28.4 28.45 
Radiation and Unaccounted for Losses (Assumed)... % 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 e . toa ry : : ar ery 5.0 
Boiler Efficiency (By Difference)..............++-- % 65.7 70.0 70.6 69.8 69.5 66.4 63.6 67.1 66.1 65.7 64.15 66.6 69.5 61.45 62.85 61.7 63.9 58.40 66.55 
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Trusts wirH Burners B anv C on Stirauine BortERs— 
TaBLE \V. 


The fifth series of tests was made with washed gas 
on the same 360 horse-power Stirling boilers as were 
tests shown on Table I. No. 1 boiler was fitted with burner 
C and No. 2 boiler with burner B. 

Before starting the tests the boiler settings were put 
in as good condition as possible. All air leaks that could 
be detected were stopped and both boilers were painted 
with a mixture of tar and asbestos cement. Both boilers 
then showed about the same air leakage. The same 
method of testing and apparatus were used as on the pre- 
vious tests. 

A test was started on May 24th, but owing to the 
stack temperatures being unreasonably high, it was de- 
cided to shut down the boilers for inspection. During 
the interval the boiler tubes were drilled inside, well 
cleaned outside, and the baffles were repaired. Consider- 
able dirt was found on the outside of the tubes. This dirt 
had been carried into the boilers a few days prior to start- 
- ing tests while the furnace men had been flushing the gas 
mains. 

The testing was resumed on May 3lst. Tests 37 
to 40, inclusive, were run on No. 1 boiler with the object of 
obtaining points to plot an efficiency load curve with the 
most efficient air regulation for each point. During these 
tests the damper was wide open and before each test the 
primary and secondary air openings of burner C were 
adjusted to give the best analysis for the desired gas 
pressure. The pressure in the boiler gas header was 
held constant over each test period by manipulating the 
butterfly valve in the down-comer. Test 37 was made 
with a gas pressure of 1.2 ins. water in the header. This 
was the maximum amount of gas the boiler would take. 
When given more, the gas back-fired in the burner. 

Test 42 was a check on test 37. Both were made un- 
der the same conditions, except that in test 42 the sec- 
ondary air ports were open 3 inches instead of 2 inches 
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as in test 37. The object of this check was to try to cut 
down the CO that appeared in test 37, also to note 
what changes in efficiency would follow. The principal 
results of tests 37 to 42 are plotted in curve sheet 4, 
showing that burner C gave 66 to 70 per cent. efficiency 
for rates of evaporation varying from .92 to 1.40 per 
cent. rating. These results represent almost ideal con- 
ditions, the tubes being clean, setting tight and burners 
regulated with aid of gas analyses. 

It was then decided to make some comparative tests 
of burners B and C. Test 44 was made first with each 
boiler making about ten per cent. overrating, which was 
the maximum load which could be maintained. Tests 45 
and 46 were then made on both boilers, but at a lower 
capacity. 

These tests showed that with equal expert attention, 
aided by gas analyses, burners B and CG gave practically 
the same results, varying from 64 to 69 per cent. efficiency 
at loads between 66 and 114 per cent. rating. 

Furnace temperatures were taken during the tests 
39 to 46 with a Scimatco optical pyrometer. The tempera- 
tures were read at the same location in both boilers, 
namely, at the checkers which are at the rear of the 
grates. From these initial temperatures and other data 
the theoretical stack temperatures were caleulated and 
found to agree very closely with the actual stack tempera- 
tures. This not only served as a check on the data ob- 
tained, but, it also showed that very little burning of 
the gases took place beyond the point where the furnace 
temperatures were read. 

Tests 47, 48 and 49 were made on May 12th. Both 
types of burners were adjusted by the boiler house fore- 
man to the best of his ability. He had no knowledge of 
the condition of combustion nor the header pressure be- 
fore adjusting the burners. After he had set the burners 
to his own satisfaction, the observers noted the header 
pressure and maintained it constant until a test was run, 
The manner of conducting these tests was the same as 


Test Number ..-.--+-++-:: 50 lapel , 52 


Draft in Furnace......-- 
Gas Pressure in Main.... 
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in the previous ones. The boilers were run at three dif- 
ferent rates of evaporation. In making these tests, the 
object was to see what results could be obtained by the 
firemen in actual operation without the aid of any scien- 
tific observations. The results may be seen in Table V. 
Type B burner gave about two per cent. higher efficien- 

cies than type C. It will be noted that in tests 47 to 49 
the efficiencies are somewhat lower than in the previous 
tests 37 to 42. This is due to the fact that the boiler tubes 
had not been blown for nearly two weeks, resulting in 200 

degrees higher stack temperatures for the same loads. 
The combustion, however, was equally as good in the lat- 
ter tests as in the previous ones. 

In these tests, as in all others, it should be borne in 
mind that the settings and boiler conditions in general 
were better than in normal practice, therefore none of 
the tests can be interpreted as a comparison between first- 
class equipment operated with care and ordinary equip- 
ment with perfunctory attention. Many prior tests in- 
dicate that the usual efficiency over long periods does not 
exceed 55 per cent., while these tests make it manifest 
that 60 or 65 per cent. is easily obtainable with closer 
attention to keeping up physical condition of the boiler 
plant, even without additional expenditure for special 
types of burners. As high as 70 per cent. may be ob- 
tained from ordinary types of boilers equipped with the 
better class of burners when given expert attention un- 
der favorable operating conditions. 


Tests with Burner E on WHEELER Borters—Taste VI 
TESTS OF BURNERS FOR BLAST FURNACE GAS IN WHEELER BOILER 
WASHED GAS AT NORMAL PRESSURE 
Aug. 16 and 19, 1915 


Boiler Number ...---++--:+ 6 A : 
papa ee en ee 8/16/15 8/16/15 8/19/15 8/19/15 
Duration oh Lest.ntat se 2! Hours 1.00 1.00 1.00 1.00 
Average Pressures : 
Stearn at Boiler by Gauge. Lb. Per Sq. In. 140 140 133 1380 
Draft Under Damper....- Ins. Water —.36 —.34 Remar rs ob 


se ie Ee aee Legs 


376 


Gas Pressure in Boiler Gas 


Header 
Lbs. 
Burner 
Average Temperatures: 
Fuel Gas in Main....... 


Pressure 


Boerne <ohisits aii ees 
Stack Gases 
Superheat of Steam...... 

Fuel: 
Gas Per Hr. (Calculated) 

Std. Cond. 
Gas Per Boiler Horse Power 

Analysis of Fuel Gas: 
Carbon Dioxide COzs.... 
Oxygen Olt ses 
Carbon Monoxide CO.... 
Hydrogen ; it Poe 
Methane CEP sates 

Calorific Value of Dry Fuel 

Gas: 

Per Cu. 

Std Conds, sauces 
Per Lb., High Value..... 
Per Cu. Ft., Incl. Sens. and 

Latent Heat 
Per Lb., Incl. Sens. 

Intent (Meat ~ 55 8. Gece 

Analysis of Flue Gas: 
Carbon dioxide WOse Ss 
Oxygen ©. Grae 
Carbon Monoxide CO .... 
Nitrogen N (By Difference) 

Water Per Hour: 

Evap. as Read by Steam 

Flow Meter 


eee tere r cece ese 


Horse Power: 
On Basis of 34.5 Lb from 


Ins. Water 


“ 


Deg. F. 


Lb. Per Hr. 


B.H.B,; 


% 


12330 
1 
12690 
368 


355 


103.7 


82.3 
5.0 
62.7 


58.6 


175 
250 


796 
20 


219000 


Oo 
wo _e S 


Oro 


59.8 
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500 


12790 


367 


5.0 
60.1 


All of the foregoing tests were made on Stirling and 
Rust boilers from which it had been repeatedly demon- 
strated in many prior tests that good efficiencies were 
obtainable by giving proper attention to upkeep and sys- 
tematic regulation of burners and dampers. Manifestly 
the degree of improvement following the installation of 
improved burners of the Birkholz type could not be so 
great with such boilers as with boilers of the single pass 
arrangement such as the Cahall and Wheeler. The lat- 
ter types, as usually set, have a relatively small com- 
bustion chamber and _ therefore inadequate space for 
proper mixing of air and gas when the latter is pro- 


i n - 
— - - a 
2 oT Se eer 


ee oe ee 
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jected at high velocity through the narrow orifice burner 
designated herein as type A. High stack temperatures, 
resulting from partial combustion beyond the limits of 
the furnace, are characteristic of these boilers and all 
attempts to remedy the evils have been unsuccessful. In- 
asmuch as the characteristic mixing action of the Birkholz 
‘burner had been found favorable when applied to Rust 
and Stirling boilers, the sixth series of tests was conducted 
on a Wheeler boiler rated at 355 horse-power. The boiler 
was equipped with four Birkholz burners of type K, 
two burners being on each side of the boiler, all point- 
ing downward at an angle of about 22 degrees. The gas 
received by the boiler was a mixture of raw and washed 
gas, thus accounting for the 170 degree raw gas tem- 
perature. As heretofore, the evaporation of the boiler 
was measured by means of a General Electric recording 
flow meter. The stack temperature was taken every five 
minutes by means of a thermo-couple installed in the 
preeching of the boiler. Continuous stack gas samples 
were taken at the same point at which the stack gas 
temperatures were taken. The temperature of the raw 
gas was taken every 15 minutes by a thermometer in- 
serted in the large main supplying gas to the boilers. 
Gas pressure in the main was taken by means of a Bristol 
recording pressure gauge. Continuous samples were taken 
of the raw gas, gas pressure in the main, steam pressure 
and feed water temperatures were obtained from record- 
ing gauges. During the four tests the boiler was on hand 
feed, so that a good record could be obtained on the flow 
meter. 

Before starting the tests proper, stack gas analyses 
were taken with the following results: 


ets eee eaten oe 17.9% 
Ss ee ere 6.5% 
CE eee 0.0% 


indicating considerable air leakage in the boiler setting. 
The settings were then plastered up and afterwards 
painted with a mixture of tar and asbestos cement so 
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that nearly all the air leakage through the setting and 
around the breeching was eliminated. Four one hour 
tests were then run on the burner. During the tests three 
burners were used, as it was found that boiler rating 
could easily be maintained with three. 

Tests 50 and 51 were run on August 16th. In test 
50 the gas gate valves were open the same distance. The 
air slides of the burners were wide open and the small end 
of the air nozzle was located exactly at the throat of 
the gas nozzle. No attempt was made to regulate the 
gas pressure. In test 51 the same conditions prevailed 
except that the burner valves were open only 5 ins. on 
the stem. Test 51 as compared with 50 again demon- 
strates the fact that the burner was not entirely auto- 
matic for different gas pressures. 

For tests 52 and 53 the gas pressure was maintained 
constant throughout each test by manipulating the gate 
valves. 

At this time no tests were made for comparing 
burner E with burner A, which is the type used on the 
other boilers in this house, but it was plainly evident from 
observing the condition of the combustion chamber that 
better combustion and higher furnace temperatures were 
being maintained with Birkholz burners. The improve- 
ment in furnace combustion was very obvious when 
viewed through the burner openings and cleaning doors 
in the boiler setting. Whereas the usual condition was 
a smoky furnace of low red color with flame extending 
high into the heating surface, the Birkholz burner gave a 
transparent white flame of 2000 to 2100 degrees tempera- 
ture, by pyrometer measurement, with practically com- 
plete combustion within the limits of the furnace. Prior 
tests on the old type of burner A in this boiler house gave 
from 16 to 18 per cent. CO., while burner E showed 21 
and 22 per cent. with very little attention to regulation. 

A special test was conducted on the Birkholz-Terbeck 
burner to determine, if possible, whether sufficient air 
for combustion was induced by the velocity of the gas 


Pe EE 


ee eee ee 
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through the burner nozzles. The damper was wide open 
producing a stack draft of .77 in. and a furnace draft of 
.45 in. The burners were adjusted so that the first set 
of primary air ports were wide open, the second set of 
primary air ports one-half open and the secondary ports 
one-quarter open. This arrangement gave good combus- 
tion. Continuous samples were taken of the stack gases 
every 10 minutes for a period of one hour and showed 
the following average results: 


COS Sis alates fac ees Sikes 23.6 

Oe eens Lert es 2.4 

COM neat Rincon ciate oak 
Stack Temperature... 937° F. 
BVAPOratiOns.a...-!. S26 BoP. 


Having established the conditions as above noted, 
the damper was partly closed until the stack draft was 
reduced from .77 in. to .35 in. and as a consequence the 
furnace draft dropped from .45 in. to .13 in. The gas 
pressure in the header remained the same as before and 
the air ports settings on the burner were not altered. 
The resulting temperatures and analyses were as follows: 


(lO = yeaa Ato capes 24.6 

(Oona Loop LoS mon ats 1.0 

GOP pase see pele ois stapes 2.0 
Stack Temperature... 863° F. 
Hyaporation 2.)..<- +. .- 328 B.H.P. 


A comparison of this analysis with that of the pre-— 
vious test indicated that the induction effect alone was 
not sufficient to give all the air required for complete 
combustion. 

The next operation was to increase the gas pressure 
to 3 inches in the gas header. Other adjustments re- 

-mained the same as given above except that all primary 
ports were opened wide. The evaporation with these 
changed conditions dropped to about 210 Bats Po With 
gas pressure maintained at 3 inches and the damper in 
the same position, the secondary air ports were opened 
wide, that is, all air ports were wide open, The re- 
sulting temperatures and analyses were: 
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COs. Sethe fae 21.6 

6 RS at eee ee, re 2.1 

CWO Fain cacenee enna iees Sra 
Stack Temperature... 820° F. 
Evaporation ......... 255 B.H.P: 


These results indicate that even with an excess of 
air, the mixing effect in the burner and furnace was not 
adequate to give complete combustion. 

Keeping the gas pressure at 3 inches and all air 
ports wide open, the damper was then opened so that 
the stack draft became .73 in. and the furnace draft .16 in. 
The resulting observations showed: 


COE A Seite eens 22.5 

O45 Rea RE eee Bint h 

COM er eo ctu fee ore 0.0 
Stack Temperature... 931° F. 
Evaporation ......... 375 B.H.P. 


As a result of the foregoing special tests, it is evi- 
dent that the air necessary for combustion is to a great 
extent influenced by the stack draft and not entirely by 
the aspirating effect of the gas velocity in the burner 
nozzles. 

At the Ohio Works of the Carnegie Steel Company, 
tests were conducted on two 400 H. P. Stirling boilers 
fired with mixed rough and washed blast furnace gas. 


Fig. 12. Ohio Works Burner 
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One boiler was equipped with a Birkholz Terbeck burner, 
similar to Fig. 11 (page 354), and the other with the Ohio 
Works burner, Fig. 12. Continuous tests were run for 
nineteen days, results being shown on curve sheet A. 

The rapid decrease in efficiencies and capacities of 
both boilers and the high stack temperatures is due to 
accumulation of flue dust which cannot be blown from the 
tubes, the boilers being too close together to permit free 
use of good blowing apparatus. Owing to this condition 
the boilers are taken out of service at frequent intervals 
and the dust removed. 

The following figures are taken from a twenty-four 
hour complete test, run when the boilers were compara- 
tively clean, and indicate that the burners are of about 
equal merit, the four per cent. higher efficiency of the 
Berkholz Terbeck being attributed to the fact that the 
setting of the boiler on which it was tested was in better 
condition than the other boiler. The data from this test 
has been used to calculate efficiencies by the indirect 
method, for sake of comparison with the other tests 


quoted. 
Birkholz- Ohio Works 
Terbeck. Fig. 12. 


Per cent. of Rating Developed...... % 136.5 123.3 
( co, % 14.4 14.4 
co % 24.8 24.8 
Blast Furnace Gas Analysis. . 
ce Gas Analysis | cH, % 0.6 0.6 
H, % 2.5 2.5 
Combustion Chamber Gas f co, % <Tes soa 
ATELY STS ior 5 tte sins srecaenrntrok & | 0, % 
co % ees aerate 
[ CO; % 23:2 19.9 
Stack.Gas Analysis.......... Oo. % 1.6 4.2 
| co % 0.6 0.8 
Gas; Pressure) ey... ase oe ee Ins. H.O Set 3.7 
Furnace Drattcie,. ee ae . * 
Furnace Gas Temperature......... Deg. F 210 210 
Combustion Chamber Temperature. fe ms or Speake 
Stack Temperature. 4 :.cne is oes oe ae 790 760 
Calorific Value of Fee. Gas per 
GUL EEN tones sets Ses ak ee Beat.U: 92.8 92.8 
Sensible Heat in Fce. Gas per Cu. Ft. jt 3.0 3.0 
Total Heat in Fee. Gas per Cu. Ft. i 95.8 95.8 
° 


re ee 


—— ee eee 
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Birkholz- Ohio Works 
Terbeck. Hig. £2. 


Sensible Heat Loss in Stack........ % 28.6 30.8 
Unconsumed CO Loss in Stack..... % 3.3 boll 
TVACLAELOMERE ere aaa wiralsice ese ork cna dieya a % 5.0 5.0 
SHCA CE QING Wars vars casein sie © Sate bie Sten elenaters) de % 63.1 59.1 


Comparative tests at Wisconsin Steel Co., were made 
on two 350 H. P. Stirling boilers side by side, one with 
the Birkholz-Terbeck and the other with the common 
burner. The efficiencies were calculated on a basis of 
Pitot tube measurements of the gas and show decided 
differences in efficiencies between the boilers equipped 
with the two types of burners, although the outputs and 
stack analyses were the same and the stack temperatures 
only 37° F. different, corresponding to only about 2 per 
cent. difference in efficiencies. The data from these tests 
caleulated by the indirect method, for sake of comparison 
with other tests reported in this paper, gives the follow- 
ing results: 


BIRKHOLZ-TERBECK AND COMMON BURNER, WISCONSIN 


STEEL CO. 
Birkholez- 
Common 
First Test. Terbeck BUPHEr, 
Burner. 
Per cent. of Rating Developed...... 127 130 
CO, % 15.1 allay! 
Blast Fceé. Gas Analysis...... co 23.6 23.6 
Ae 3.0 3.0 
COR Ee 
Comb, Chamber Gas Analysis. | 0, 
co wee er 
CO; % 211 20.8 
Stack Gas Analysis....... ,+s+) 0, 3.6 43 
co 0.0 0.0 
Gas PLeESSUre sss ceisele os eee ye eine or Ins. H,O 
HMurnacer Drattemsiasc os seule n «c= “ wane 
Furnace Gas Temperature.......-- Ae 267 267 
Combustion Chamber Temperature. chs purient feta 
Stack Temperature......---++++++> ck. 615 652 
Calorific Value of Fee. Gas per 
(OH, SES ero oe oloimo oh bie UCD Oar 18h hal Of 84.8 84.8 
Sensible Heat in Fce. Gas per Cu. Ft. ¥ ba sa 


Total Heat in Fee. Gag per Cu. Ft. 


~ 
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; Birkholz- Homan 
First Test. fan a Rannen 
Sensible Heat Loss in Stack....... % 25.8 28.0 
Unconsumed CO Loss in Stack..... ‘ss 0.0 0.0 
Radiation, Losssyap tenis. ncienleetnans © f 5.0 5.0 
Efficiency. ascents nee ois on eee ae 69.2 67.0 
Second Test. 
Poor Regulation on Common Burner. FEff..... 68.4 59.2 
Third Test. 
Poor Regulation on Common Burner. FEff..... 71.4 59.7 


While the Birkholz-Terbeck burner might require as 
much regulation as the common burner as indicated by 
tests, yet much credit must be given it as a neatly de- 
signed and easy method of adjusting air admissions. 
The means! of observing the combustion through the 
glass window rather than through a peep hole is also a 
decided advantage. These elements are all conducive to 
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closer attention and increase the morale of an installa- 
tion resulting in far better unaccounted for -efficiency 
than the placing of a brick or a ball of clay to exclude 
or admit varying quantities of air. Under test condi- 
tions these points would not be so apparent as under 
the ordinary operating periods where the observation 
is not so marked. 

Figure 13 illustrates the McWilliams burner, of 
much the same principle as the Youngstown burner, but 

having four banks of tubes. There is practically no 
space for mixing in the burner and the combustion is 
no better than the common burner. 

The table of air drafts given below shows that the 
draft, due to aspirating effect, increases with gas quan- 
tity, but not in direct proportion. Correct mixtures were 
not obtained, and the seemingly large amount of air 
supplied through the burner is actually but a small part 
of the total required for complete combustion. 

For the two series of draft readings, given in the 
following table, the damper was kept in constant position. 


Location 400 B.H.P. 540 B.H.P. 


Ins. H 
GP RLOWaiOES DUDES sctere inychs fois )=. pete or oie oo ce'Coie ww) 010 0" oD .50 
Bade go ee Ce peers ee ae as TNA Nees cian a dep sipte .39 .60 
3rd leas SORA cvcvove vate vo leper atets Sete a Ad 20 12 
4th pee CM ete Ede Giags a ot etstaae: hersune es 18 ol 
Holes in setting under boiler................ 10 .05 
Between burner and setting.......-¢........- a1) 48 
Stack breeching (3 ft. from boiler).......... 1.00 O00 


It should be noted that in the holes in setting un- 
der burner the draft decreases with increased gas quan- 
tity, showing that the aspirating effect in such locations 
is negative, as would be expected, since with a constant 
position of stack damper, the pressure in the combustion 
chamber must increase with quantities handled. There 
is a small aspirating effect all around the gas jet, but 
its sphere of influence extends less than an inch in each 
direction. A series of six complete 8-hour tests on this 
burner follows: 
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Remarks 
Test on 3/30/15. 

The 49.7% efficiency is about the average operation 
of the boiler as found. 

Tests on 3/31, 4/1 and 4/2/15. 

54.4%, 53.5% and 55.0% respectively, are for the 
best conditions obtained by having doors fastened tightly, 
mudding up all large openings in setting and admitting 
more air by moving back the screen around the burners. 

Test on 4/3/15. 
; 59.3% was obtained at 450 B.H.P. capacity by clos- 
ing the stack damper as much as possible for a long 
enough time to obtain a sample. The condition was not 
practical for regular operation because of excessive 
blowing out of gas around doors, ete.: 
Test on 4/3/15. 

45.6% was obtained having the stack damper opened 
as it is in ordinary operation. 

Type 3—Rectangular or circular burner with all air 
required for combustion conducted into the gas 
jet by means of pipes or other openings. 


= 
OOO0000 
OOO000000 


SUDES FOR VARY! SECTION AK 
A 


IR OPENINGS 


I 
AIR HOLES “** 


2-39" _ 


\ 
>) 


Yl 


ZK 


DUQUESNE 
ASPIRATING BLAST FURNACE GAS BURNER 
FG. i+ 


388 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


This principle was followed in the design of an 
aspirating burner made at Duquesne for experimental 
purposes, and shown in Fig. 14. It consists of a series 
of air vanes at top and bottom of burner, the gas jet 
being contracted at each vane but each contracted area 
made larger than the preceding one. Operated at about 
the rated capacity of the boiler, 250 H.P. B & W, a 
burner efficiency of 92% was obtained, but on increas- 
ing the capacity the efficiency dropped rapidly, due to 
unconsumed CO. The inability of the burner to aspirate 
when burning large amounts of gas was probably due 
to the converging outlet. Had this outlet been made 
wider and diverging, it is possible that much better 
results would have been obtained. Tests results of this 
burner follow: 


Percent, of Rating Developed 71.16 tae ee ee 108 
co 25.4 
Furnace: GassAnalysisuen.c meas nea ee | H. 3.8 
co. % 23.4 
oO, 9 
Combustion Chamber Analysis...........0-.«.«s- co 9 
CO. % ai.2 
i 5.7 
Stack Gas" Analysis. ow2 somtecdya cher nn eee co 0.3 
CO; 3 12.6 
Gas. Pressure’... 5% y 3s Oeewn ete ohn Co a ee eee 3.5 
Dratt in Vein debi ert ke ha anne ee ee ee .25 
Furnace Gas Temperature, CHa ts sain cs eee es 375 
Combustion Chamber Temperature, °F...............ceccecee 1870 
Stack. Temperature: "oi. ozo st oka een Ca a eee 560 
Calorific, Value: of Fes; Gas :Cuy Ft BLU. eeicw oe co eee 92.9 
Sensible: Heat of Mee; Gas: Cu Nt. BTU... Se eee ee 6.3 
Total Heat-of Hee. Gas: Cus BY. pence fee ee ee 99.2 
Sensible Heat: Lost'in Stack, 9%. sien aeeaitas coke eee. ee 29.2 
Unconsumed» CO! Lost iin Stack, "Sh ct eeete ce ne ae 2.1 
Radiation -i5 25.5 sh mates n Vian st he ie aiere theme ole ea ees eee 5.0 
EMclency: ” sive wssayh arse! cares ata ateins ch oneaies be een eee ee 63.7 


Following is a series of seven 8-hour tests of this 
burner run in conjunction with tests of a common burner 
on an adjoining boiler. While nearly the correct amount 
of air was admitted through the burner as shown by 
the combustion chamber analyses, the poor condition of 
setting prevented good stack analyses. 
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Following this type is also the Bradshaw burner 
shown in Fig. 15, which is supposed to follow the Ven- 
turi meter principle. It consists of a rectangular cast- 
ing, through which gas passes. Air is. admitted through 
narrow openings, top and bottom, the width of the burner. 
At this point the casting is contracted and the reduc- 
tion in pressure due to increase in velocity provides the 
medium for air aspiration. 


Fig. 15. Bradshaw Burner for Blast Hurnace Gas 


The casting then flares out to permit expansion from 
the throat of the burner into the furnace. It is claimed 
for this burner that there will be aspirated a quantity 
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of air in direct proportion to gas quantity for varying 
capacities. Experimental proof of this statement has 
been repeatedly requested from the designers but up to 
the present time has not been produced. In order to 
obtain this information, engineers from the Duquesne 
Works made experiments on Bradshaw burners installed 
on 500 H.P. Stirling boilers (Fig. 16) at the works of 
the Pittsburgh Steel Company, Monessen, Pa. At the 
same time comparative tests were made on modifica- 
tions of the Bradshaw burner, designed by Mr. J. S. 
Fraser, Supt, of Blast Furnaces. 


x 0° a __ ao" ist s->° 


—ee x oes 2 — —_ ee 
Fig. 16. 500 H.P. Stirling Boiler, Pittsburgh Steel Company, Monessen, Pa. 


The makers of the Bradshaw burner state: first 
that their best operation is by means of maintaining ‘i 
constant furnace draft at a point which has been pre- 
viously determined by test as giving correct air supply ; 
second, that if this draft is maintained, the proper quan- 
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tities of air will be drawn into the burner over reason- . 
able limits of gas pressure variation, say from 2” to 
10” H.O; third, that, without balanced draft, the average 
efficiency will be about 5% less than with it. 

The experiments were made for this latter condi- 
tion, in order to investigate the characteristics of the 
burner without automatic regulation. The damper was 
placed in a position to give a good gas analysis in com- 
bustion chamber at one gas pressure. Observations were 
then taken on air drafts and temperatures, with vary- 
ing gas pressures, with results as shown in Table 7, the 
efficiency over the usual working range of pressure 
averaging 65.1%. 


FURNACE DRAFT 
TAKEN HEAL 


BURNER CATA 
DRAFT AT POINTS HEAT BALANCE 


REMARKS 


RADIATION 
EFFICIENCY: 


24,7 | 2.8 | s.0 |G7.5|WORKING CONDITIONS 
)|27.6| 0.0/5.0 67, 2\GAs REOUCED 
24.5] 8.2/5.0 [62.7 }GA=> INCREASED | 
32.0) 0,0 |5-0 6h.0GAS REOUCED 
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Test of Bradshaw Burner at Monessen 
Table 7 


The boiler test results show that with an increase 
of gas above the amount for which the original adjust- 
ments were made, there results 8.2% loss due to CO in the 
stack gases, proving that air in proportion has not been 
induced. Making due allowance for the 5% difference 
between balanced and unbalanced draft, we consider this 
a fair test of the aspirating possibilities of the burner. 

Corresponding observations were made on Mr. 
Fraser’s first modification of the Bradshaw burner which 
will be referred to hereafter as Fraser Burner pi The 

“main difference lies in taking air to the contracted por- 
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tion of the gas jet inside instead of outside. In this 
first design the side gas passages past the air box were 
made too small, resulting in only a small amount of 
gas passing under the air box. 

Test results and observations of drafts and pres- 
sures follow. Several tests were run on both boilers, 
the best results in each case being presented. During 
these tests the gas valves remained in the same posi- 
tion, and adjustments made to stack damper. Conse- 
quently gas pressures indicate pressure in burner and 
quantity of gas burned. (See page 395.) 

It will be noticed in the above table that the draft 
in air ports was small and did not vary with gas pres- 


sure, due to the poor aspirating effect of the restricted 
gas flow. 
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Fig. 17, Fraser’s Modification of Bradshaw Gas Burner 
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Draft Readings Fraser Burner No. 1. 
Gas Pressures. 


Top Bottom 
Draft in Burner. Burner. Fee. 
Air Ports. Main. (Point A). (Point B). Draft. Remarks. 
.33 9 434, 13/16 .25 Working Conditions. 
3% 14 84 14%, Bake a 4 
38 8 4 34 .28 te es 
% 21 CEA 15% .05 ne * 
(Damper partly closed. 
36 21 8% 1% + Atm. Temp. in C.C. dropped. 
Comb. very poor.) 
.29 es nee Combustion poor. 
7/16 13 15 2 as 
11/16 13% .08 fs i‘ 


Fraser Burner #2 (Fig. 17) was designed to pro- 
vide ample passage for gas on sides of air box, which 
resulted in more nearly equal gas pressures at top and 
bottom of burners. Tests and draft observations follow: 


Test of Fraser Burner No. 2. 


#1, #2. #3. #4, 
Per cent. of Rating Developed.. Lae Gia ae Les eae 
(CO, % 13.2 132 ace 13.2 
Furnace Gas Analysis.... j Co 2tek 27.1 27.1 ot dan b 
H, 3.0 3.0 3.0 3.0 
CO, .% 23.2 24.0 22.6 23.8 
Comb. Chamber Analysis. / 0, 2.5 0.5 3.2 1.9 
CO 0.6 2.9 0.2 0.7 
CO. % 18.8 18.6 18.7 16.9 
Stack Gas Analysis....... oO, 5.9 4.9 5.4 7.9 
CO 0.0 af 0.0 0.0 
Gas) Pressure, Ins; HO, . cee hac. 12% 14% 16% 9 
Draft in Furnace, Ins. H.O........ 08-10 .19-.24 .05-.07 .31-—33 
Fee. Gas Temperature, °F......... 360 340 330 330 
Comb, Chamber Temperature, °F.. 2190 2180 2190 2170 
Stack Temperatures, °F........... 645 650 680 605 
Cal. Val. Fce. Gas / Cu. Ft., B.T.U.. 96.1 96.1 96.1 96.1 
Sensible Heat F. Gas / Cu. Ft., B.T.U. 6.0 5.7 5.5 5.5 
Total Heat Fee. Gas / Cu. Ft., B.T.U. 102.1 101.8 101.6 101.6 
Sensible Heat Lost in Stack, Ries 27.5 26.2 29.2 28.4 
Unconsumed CO Lost in Stack, %. 0.0 (fal 0.0 0.0 
Fadigtions: <p cc tient Oe en na me 5.0 5.0 5.0 5.0 
Hiicion¢yn~ 9 Seta te eee ee 67.5 61.7 65.8 66.6 
(Unusual operation (Screens 
conditions. ) partly 
closed.) 


The tests of Fraser Burner #2 show an average 
efficiency of 65.4% slightly better than shown by the 
Bradshaw Burner under the same operating conditions, 
Observations of the boilers also indicated very clearly 
that the Fraser Burner handled greater quantities of 
gas than the Bradshaw with the same gas pressure. The 


pe af - 
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Damper remained in fixed position and gas valve changed. 
Draft Observations of Fraser Burner No. 2 
Draftin Air Ports. Gas Pressure. Furnace 


Top Bottom 
R.E. Center. L.E. Main. Burner. Burner. Draft. Temp. Remarks 


1% 13% 1% 18 4 3% 18 2205 (Working con- 
ditions. ) 

2%, 2%, 1% 17 71% 6 05 2255 (Gas added.) 

2% 2%, 1% 164% #7 5% 0 2235 (Too much 
added.) 


1% 1% 1% 17 5% 3% 10-12 2270 (Working con- 
ditions. Gas re- 
duced.) 

1% 1% -14% 10 3 2Y% 17 =. 2165 «(Working con- 
ditions.) 

conclusion to be drawn from these experiments is that 
the Bradshaw Burner, supposedly proportioned with 
mathematical precision, shows no better efficiencies than 
the Fraser Burner, designed merely with the plain as- 
pirating or injector principle in view, and proportioned 
by trial to efficiently operate with the pressure and vol- 
umes of gas available. 

Observations of temperature were made from time 
to time in the combustion chamber of each boiler from 
#1 to #17, as per tables following. ‘This was done by 
means of a Wanner Optical Pyrometer carefully cali- 


|16 2190 2250 2130 2095 2230 2120 2300 2260 655 
[17 2080 2200 2085 2135: 2165 2190 2200 2220 605 


Combustion Chamber Temperatures. Stack Temperatures. 
Boiler Series 1. Series2.  Series3. Series 4. 
2 SS ee ee ee 
No. Right. Left. Right. Left. Right. Left. Right. Left. Series1. Series 2. 
1 2020 1980 2060 2090 2080 2140 2040 2020 565 640 
: 2 1975 2060 2050 2060 2140 1900 2150 2080 575 570 
Pipe Burner { 3 .«... «+. F110) 92090. 2140) 2100 - ee aos 515 580 
1—5 Al GS ae lO ste e e e ea uae teok Mann ste! uote be rss Pep Fk: 
5 2190 2160 2070 2175 1980 2090 2000 2135 555 560 
Fraser #2 6 2160 2240 2230 2290 2080 2150 2290 2285 555 550 
‘( 7 2110 2230 2150 2140 2230 2095 2280 2200 595 560 
8 2240 2335 2195 2080 2170 2010 2160 2260 595 560 
Fraser #1 9 2340 2260 2225 2265 2115 2125 2305 2270 595 550 
7—11 10 2080 2280 2050 2000 2140 2195 2200 2240 565, at 
11 2080 2240 2060 2140 2125 9225 2230 2100 625 
(12 2200 2200 2230 2080 2230 2090 2260 2180 645 646 
{13 2210 9160 2020 2080 2190 2220 2150 2260 595 Pease 
‘Bradshaw J14 2160 9160. 2075 2070 2250 2180 2170 2200 575 630 
)15 2240 9175 2060 1950 2280 2115 2130 2140 575 


nel 
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brated and then checked on the work against a standard 
couple in the furnace of one of the boilers. Two series 
of stack temperatures are also included. 

These figures show that with the same amount of 
attention and the same pressure conditions throughout 
the house, the Pipe Burners (similar to Fig. 12), Fraser, 
and Bradshaw Burners produce about equal results. It 
might be added that this boiler equipment is kept in 
excellent condition, the settings being possibly not as 
tight as on the McKeesport boilers, but much superior 
to the average installation. 


R EGULATI NG SLID. 


S* PONT Where ANALYSIS WERE TAKEN 


T* Poinr wHeae TEMPERATURES WERE TAKEN 


KLING - WEIDLEIN 
BLAST FURNACE GAS BURNER FOR BOILERS 
FIG.18 
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A burner of the same general: type is the Kling- 
Weidlein Blast Furnace Gas Burner for boilers, devel- 
oped at the Ohio Works of the Carnegie Steel Company, 
and illustrated in Fig. 18. 


: ; 7 ea + 
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The gas leaves the primary nozzle at high speed and 
in two streams, drawing the primary air in between the 
gas streams. The air mixes with the inside layers of 
the gas streams on their way to the ignition chamber, 
but before the latter is reached, the secondary air is 
drawn in in two streams and mixes with the outside 
layers of the gas stream. 

The primary nozzle being machined, the gas is dis- 
tributed uniformly over the entire width of the burner 
in thin but wide streams. The width on one stream is 
3’ _ 6” and the total: width of the four streams for one 
boiler (two burners) is 14 feet. The gas streams hav- 
ing the same speed and being of the same thickness 
throughout the entire width of the burner, draw the 
same amount of air at any point of the burner which 
insures a uniform mixture. 
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Results of a test run on this burner are enumerated 
on Table No. 8. The high stack temperatures and re- 
sulting low efficiencies are due to infrequent blowing off 
of the tubes as mentioned before in description of tests 
of the Birkholz-Terbeck burner at Ohio Works. The 
principal point investigated, in regard to this burner, 
was its aspirating characteristics, which have been 
plotted on a basis of gas pressures in distributing box. 
The full line eurve is for regular operating port open- 
ings and shows good regulation between the compara- 
tively narrow limits of 3” to 5” pressure, but a rapid 
rise in air excess below 3 inches. If the working pres- 
sure were to be from 3” to 5”, it is probable that by a 
further opening of primary ports, this portion of the 
curve could be translated to a parallel position close to 
the zero line, thereby producing a condition close to the 
ideal over this particular range. The shaded portion 
shows the amount of air aspirated by the secondary 
ports, averaging from 10 to 15% of the total air re- 
quired. In general these results show that within smal] 
limits of pressure variation the burner will aspirate 
practically, though not exactly, the correct quantities of 
air, but that for large pressure difference, regulation 
of gas pressure or air supply would have to be resorted 
to for the maintenance of maximum efficiencies. 


Type 5—Burners through which all of the air is foreed 
and completely mixed with the gas before the 
ignition point. 


Due to our own failure to develop an aspirating 
burner of high capacity and to the lack of evidence that 
it had been accomplished elsewhere, the investigation of 
forced draft was the next logical step. The arrange- 
ment of burner is shown on Fig. 19. All the air re- 
quired for combustion was supplied by a motor driven 
fan. Air enters the rectangular box at the back of the 
burner, and after passing through the short pipes, mixes 
with the gas. From the point where the air and gas 


TT 


Sr) 


Table No. 8. 
KLING-WEIDLEIN BURNER. 
OHIO WORKS. 
Summary of Tests. 
With primary air ports open 3 inches and secondary ports wide open. 
le 


Pressures. Drafts. C. C. Analysis. Stack Analysis, Temps. % Air Heat Balance. 
oe TT? ‘ aera SN _—<——— an 
a b c d A Shee Air Rating Excess Sens. co 
Tubes. CO, O, co co, O, co C.C. Stack Devel- C.C. Loss. Loss. Rad. Eff. Remarks. 
Ins Ins Ins. Ins Ins In Tae oped. 
1% 14 75 eee? be SE AP) DA 0.2 840) eae aad 31.8 
2% 214 1.00 .87 aie -20 75 24.4 0.3 0.8 niet ats saute 880 dats -1.0 sere : : hae 
2% 1% 50 50 Gu) 20 -50 22.7 2.0 0.2 17.0 7.0 0.0 2130 845 116 20.3 41.9 0.0 5.0 53.1 Gas Pulsating. 
314 234 94 94 Atm. .12 1.00 24.4 0.0 2.8 23.6 0.6 0.8 2200 925 158 -12.9 34.1 a 5.0 56.8 O.K. 
334 2% 94 94 Atm, .12 1.00 24.0 0.0 1.6 23.4 1.4 0.3 2200 900 167 -7.9 33.9 1.6 5.0 59.5 O.K. 
Press 
4% 3% 1-12 1.06 06 -088 1.18 24.4 0.0 2.4 24.0 0.0 8 2200 960 184 -11.3 34.7 4.0 5.0 56.3 Too much Gas. 
Press 
6 434 1.75 88 10 .075 1.62 23.8 0.0 3.0 24.0 0.0 2:2 2200 1000 184 -14.1 34.6 10.5 5.0 49.9 Less Gas. 


With primary air ports open 3 inches and secondary ports closed. 
234 236 1.25 -75 -06 Sate 1.12 23.2 0.0 4,2 22.0 0.0 3.2 2145 860 ae -19.7 cra Pte as 
3% 38% 1.50 1.37 .04 eH aco 23.6 0.0 5.0 22.8 0.1 4.2 2085 900 Hae, 22.3 ie in ee ere 
4% 4 2.00 1.12 04 -088 2.00 23.2 0.0 5.4 22.3 0.1 5.6 2010 860 Gite —24.7 Bae cir oa ase 
Blast Furnace Gas: CO, Ry 

co 26.4 

CH, 0.3 

13h 4.4 

B.T.U. 100.5 

At 220° 3.2 

Total 103.7 
Oe 
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GRANULATED SLAG FILL 


DUQUESNE 
FORCED DRAFT BURNER 


ror 


BLAST FURNACE GAS 


meet, they travel together and become thoroughly inter- 
mingled before reaching the point of ignition, at the 
end of the burner. To supply the air theoretically re- 
quired for complete combustion is purely a matter of 
speed of the fan, or control of the air by means of 
dampers. To thoroughly mix the air and gas is more 
difficult, but by careful regulation a burner efficiency of 
96% was obtained. During the experiments the air sup- 
ply was controlled by hand and the maintenance of good 
combustion required almost constant attention by the 
testing engineer due to rapid variations in the gas pres- 
sure even in the narrow limits of 5 to 7”. In a working 
arrangement of forced draft, the speed of motor or en- 
gine driving the fan should be controlled by gas pressure. 
By this method of positive air supply, a burner efficiency 
close to 100% may be maintained at any desired capacity. 
Results of a representative test on the forced draft 
equipment on a 250 H.P., B. & W. Boiler follows: 
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Per cent, of Rating Developed. ociscm. wea pres oo ctr ere 166 
co. 14.7% 
Furnace Gas Analysiss wtscinw soaluceltarcinie’s se ata cels co 25.0 
Bi; | 
: Co, 24.6% 
Comb: ‘Chamber Analy sisi. .xe ccc sk ute ab erat cereale oO. 8 
co 8 
co. 21.9% 
Stack. Gas* Analysis? ..G. .6o5 motors «cle Sie alae te eri eee O: sal b 
co a 
Gas: (PrOSBUL Gictesrs cars aias) roa strats o-oo eta disc aisle ee 2.5 
Draft sin -Warnacercr.cs osc<t weenie ie hacia a ede et ae ¥%” Pres. 
Furnace ‘Gas Temperature. > at penacs ome es | Ce eee o> Ee 
Comb. Chamber ‘Temperaeure.s.7 aise eee ee eats 2090 
Stack Temperature: os o.-ac.c ae oe aes ae ee ee 719 
Calorific Valuec hice. Gas) 7 {Cu eE 7 en rentals sree octets 89.6% 
Sensible: Heat Fee, Gas. /Cub’ Mte.kr- os «oss ele co eine & -05 
Total, Heatuof: Hice: Gas?/ Sus Bic. chica amine <n ieteetaene te 89.1 
Sensible Heats Lost in sStackoov, sea cee ee eee 29.9% 
Uneonsumed CO Lost) in: Staelcors sass ricotta a errors 0.0 
Radiation; (assumed: ss ws atte eo 9 eae ie eee 


3.5 
PORICION CY. sous: Motaptis ec crety oss arn ee eater eee eat Ree arn eae eee 65.6 
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Following are thirty 24-hour complete tests: 


Remarks 

Tests 12/14 to 12/18/14. (See page 405.) 

The lower rate at which the boiler was run accounts 
for the lowering of the stack temperature. 

The stack sample showing over 3 per cent. O» gives 
a much higher stack loss than would result were the 
boiler setting tight enough to allow a better balance of 
pressures and drafts in the boiler. When burning larger 
quantities of gas it was possible to overcome this draft 
(leakage) at the back of the boiler without requiring the 
stack damper being closed so tight as to raise the pres- 
sures in the front of the boiler too high. 


Remarks 
Tests 1/11 to 1/19/15. (See page 406.) 

The stack temperatures increased slowly during the 
nine days the boiler was working. An explanation for 
this may be partly in the fact that the boiler had been 
off for several days and the large amount of flue dust 
and cinder had become cooled throughout. On tests 3/2 
to 3/6 with the regular boiler setting there was also an 
increase in stack temperature during the week, but the 
difference between the temperatures at the beginning 
and end of the week is not so great as when the bottom 
of the boiler setting was filled. 


Remarks 

Tests 1/20 to 1/29/15. (See page 407.) 

The principal item of note during the week was the | 
increase of stack temperature, which was about Ak edd 
higher at the end of the week than at the beginning. 
These stack temperatures were carefully checked by 
using two couples in the stack—one being in the regular 
position near the boiler while the other was outside the 
boiler house 15 feet from the boiler (see sketch). These 
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two couples showed exactly the same temperatures on 
the chart during the three days they.were run together. 


[spe STACK 


-*e coupLe 


BOILER 


*) COUPLE 


Before starting on 1/20/15, baffle #3 (see sketch be- 
low) was placed in the burner. Baffles #1, 2 and 4 could 
be adjusted from the outside of the burner but 3 could 
not be moved. During the tests on and following 1/20/15, 
baffles #3 and #4 were in the position shown below. Baffles 
#1 and #2 had no effect on the mixture. 


Remarks 


On 2/26 were obtained some of the best samples 
taken during the tests. For example: 


Combustion Chamber....... CO, 24.8% O, 0.6% CO 0.4% 
Last Pasearsss aha ast oak ne 25.4% eh 0.4% 4 0.2% 
BiACK pe poate Ores 6 24.0% ec 1.6% ee, © 6.09% 


In a tighter boiler this 24.0% of CO, in the stack 
could have been maintained, but due to too much blow- 
ing out of gases around doors, the stack damper was 
opened more and kept that way during the remainder 
of the week. This allowed a considerable leakage of 
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air, which accounts for the CO, in the stack gases drop- 
ping off about 1%. 

In general, the conditions throughout the week were 
good. 


SUMMARY OF BOILER TESTS. 


Plant. _—_ Boiler. peace Burner. } oe ‘bast et rey eft ge 
Duquesne’ RTP. 150 = Common 28 594 35.9 50.9 
Duquesne? * es eters re 7 659 57.8 616 
Duquesne? “ 175 ee . 30 68.1 60.7 64.6 
McKeesport? PRP. 155 aren 3. 75.0 70.0 723 
So.Chieago PHP. 134 Common 23 693 521 583 
So. Chicago“ 114 _—Birkhélz-Terbeck 22 662 61.0 64.6 

- So. Chicago Stitling 122 Common 8 634 55.0 59.4 
So. Chicago “y 122 Birkholz-Terbeck 20 70.6 58.4 64.5 
So.Chieago SEP "99 « 4 62.7 586 60.3 
Youngstown as 130 Birkholz-Terbeck 19 67.0 41.0 53.8 
Wisconsin® Stirling 130. Common 3 670 592 61.9 
Wisconsin “ 127 _—_ Birkholz-Terbeck 3 714 684 69.7 
Monessen* 300 fing. — Fraser 4 675 61.7 65.4 
Monessen® ue — Bradshaw 4 67.5 62.7 65.1 


‘Lower average than present operation. 

* Boiler not in particularly good condition. 

* Best cond. of setting and baffles found during investigations. 
*Both burners given the same amount of attention. 


° Boilers in good condition. Max. test on common burner is comparative to average 
of Birkholz Terbeck. 


‘Boilers in good condition. Fraser burner handled more gas than Bradshaw. 


In general these results are for test conditions. For average operation 
the efficiency would probably be about 5% less. 


The boiler on which these tests were conducted had 
an old and leaky setting, thereby rendering difficult the 
reduction of excess air in the stack, and baffles which 
were not absolutely tight although in fair condition. 
With nearly perfect proportions of air and gas admitted 
through the burners as shown by analysis of the gas in 
the combustion chamber, and the stack draft effective 
at this point, the stack gas analysis showed an average 


i , 
a ee ee eee ee ee ee eee Se ee 
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of 100% air excess. In order to eliminate this air, pres- 
sure was carried throughout the boiler by closing the 
stack damper, the extra work of driving the products of 
combustion through the boiler being supplied by the fan. 
Adjustments were then made to give zero pressures at 
the top of the last pass, with the result that the air 
excess was decreased to an average of 25%, with most 
of this air leaking in around the stack breeching, at 
which point it had no effect on the boiler efficiency. The 
greater the quantities of gas burned, the greater the ease 
of maintaining furnace pressure and eliminating leak- 
age, so that the stack losses remained nearly constant 
at about 30% over a wide range of capacity. 


Remarks 

The most noticeable feature in the comparison of 
boiler tests with relation to burners, is that in the same 
plant, nearly all of the burners compared show very 
little difference in efficiency, although there may be con- 
siderable difference between the tests in the various 
plants. The plant must be considered a constant there- 
fore, and we must conclude that the equipment and 
supervision is superior in the plant showing the best 
results. The difficulty of comparison is thus evident. 
The following deductions may be drawn from the data 
and personal observation. 

The charts (Figs. 20, 21 and 22) show the frequency 
and range of variations in the gas pressure both at the 
boilers and in the main lines. Fig. 20 shows variations 
with clean gas of from 4” to 6” at the boiler and from 
8” to 10” at the gas cleaning plant on the discharge side 
of the fan. Fig. 21 shows pressure variations with rough 
gas of from 8” to 12” at the boiler and from 6" to 11” 1 in 
the rough gas main. Fig. 22 shows about the same vari- 
ations in the rough gas main and in the boiler, which, 
in this case, takes gas directly from the dust- Ptener. 
The variations shown by these charts even during any 
one hour indicate the impossibility of making any given 
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Clean Main. Fig. 20. Boiler 
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Rough Main. Fig. 21. Boiler 


Rough Main. Fig. 22. Boiler, 
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adjustment of damper to induce a proper amount of air 
to suit the constantly fluctuating gas volumes admitted 
to the boiler. 


BOILER CONCLUSIONS. 


The foregoing boiler data seems to indicate 

First—That under test conditions all types of burners 
reviewed seemed to approximate equal results with the 
Same equipment and management, although engineering 
features in some types render manipulation and control 
easier. 

Second—That when the equipment is propertly de- 
signed and in first class condition much higher efficiencies 
prevail. 

Third—That combustion chambers should be suffi- 
ciently large to accomplish full combustion before the 
gas passes the first row of tubes. Chambers should be 
proportioned to suit burner conditions. The common 
burner with the large combustion chamber at McKees- 
port, the Bradshaw and Fraser burners at Monessen, 
and the Bradshaw at Cambria Steel Company show 
' the advantages of large combustion chambers. The 
forced draft burner at Duquesne with an extremely small 
chamber but with good burner efficiency show that under 
this condition a large combustion chamber would be un- 
necessary. The combustion chamber in the Wheeler 
Boiler at South Chicago was so small as to make the 
use of the common burner prohibitive, while the Birkholz- 
Terbeck could be operated under the same condition 
and show 40% more boiler capacity and 15% efficiency 
gain. In general, the size of combustion chamber should 
be inversely proportional to the degree of mixing in the 
burner. 

Fourth—That balanced draft control in the combus- 
tion chamber and necessary damper regulations with 
consequent exclusion of infiltrated air are a decided 
advantage. 
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Fifth—That although a burner can be designed to 
aspirate the proper quantity of air at one pressure none 
have yet been designed to aspirate over any very con- 
siderable range of varying gas pressures. Over small 
ranges a number of the burners recently developed ap- 
proach within practical limits the condition of sufficient 
air supply. 


Sixth—That gas pressure constantly varying within 
relatively wide limits render impossible the attainment 
of good combustion without constant regulation of air 
supply. 


Seventh—That unless pre-heaters, super-heaters, or 
economizers, are used, efficiencies of over 70 to 72% 
should be cautiously accepted. 


Kighth—That constant gas analysis and intelligent 
supervision is one of the principal factors in obtaining 
continuous good efficiency and control without very much 
change in equipment. 


Ninth—That a properly designed burner with easy 
means of controlling air and gas mixtures is far prefer- 
able to the slip-shod methods prevailing in many plants. 


Apparatus and Observations. 


The form of testing herein described as Duquesne 
tests might better be termed ‘‘Burner Tests”? or ‘‘Com- 
bustion Tests’’ rather than ‘‘ Boiler Tests,’’ since the 
object is an investigation primarily, of burners and 
combustion, and secondarily, of boiler design and heat 
absorption.’ It might be interesting to mention the ap- 
paratus and methods used. 

An integrating Hallwachs Steam Meter was used to 
determine the output of the boiler. ‘This instrument, 
when maintained in first class condition throughout, gives 
consistent and satisfactory results, but when not so main- 
tained, may give very misleading, if not startling, figures. 

Analyses of blast furnace gas were made in the steel 
works laboratory according to United States Steel Cor- 
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poration standards. The average analysis for the year 
1914 at Duquesne Furnaces is: 


SOISY awison ges 12.9% 
Cae NAOT eer 9 6.3 
[eA ee 3.7 
ie Os en 0.0 
ce a eee 57.1 
B.T.U 92.1 


Methane is tested for but has not been found in 
blast furnace gas at Duquesne. : 

Analyses of the products of combustion were made 
in the field using an Orsat-Lunge Apparatus with four 
bubbling pipettes, one with potassium hydroxide solution 
for the CO., one with stick phosphorus for O., and two 
with cuprous chloride solution for CO. Too much em- 
phasis cannot be placed on the extreme care that should 
be exercised in the determination of CO. Experience 
has conclusively demonstrated that in order to obtain 
reliable results, two pipettes must be used, the solutions 
frequently changed, and generous amounts of strip cop- 
per placed in the solutions. In view of the fact that 1% 
of CO in a flue gas, containing 18% CO., adds approxi- 
mately 6.5% to the losses, and a proportionately larger 
amount in more dilute gases, it becomes apparent that a 
high degree of accuracy in the CO determination is very 
desirable. For this reason, efficiencies based on analyes 
of a CO, recorder, are not dependable. 

For a study of combustion, samples of burnt gases 
should be drawn from the combustion chamber and the 
different passes. In all positions where the temperature 
is above 900° F., water cooled sampling tubes must be 
used to prevent the dissociation of carbon dioxide which 
occurs when the gas is in contact with an incandescent 
body containing iron or carbon. 

Temperatures in the stack were taken with a plati- 
num couple encased in a metallic protecting tube. In 
the combustion chamber and other high temperature 
points a long brass tube was used. This tube is water 
cooled and extends to within nine inches of the hot 
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junction of the couple, a 14” diameter silica tube covering 
the projecting wires. The cooling effect extends along 
the silica tube not more than one inch, insuring correct 
temperatures at the hot junction. With this arrangement 
a 30” couple may be extended by copper wire for use 
in a water cooled tube of any desired length, the con- 
nection being in the cooled portion of the tube and a 
constant cold junction temperature maintained by the 
circulating water. This instrument may remain for in- 
definite periods of time in the highest temperatures en- 
countered in boiler and stove work, without injury to 
the expensive platinum couple and without attention 
other than an infrequent replacement of the small silica 
tube. To maintain a constant cold junction temperature 
of the stack pyrometer, a small water cooled end is used 
in connection with the metallic protecting tube. 

Continuous records of temperature in boiler and 
stack were obtained by connecting the various couples 
to a six-point Hartmann and Braun Recorder. 'The in- 
stallation of a pyrometer in the combustion chamber of 
each boiler, with a multiple recorder, would supply a 
simple, yet highly satisfactory, means of maintaining a 
good state of combustion throughout the boiler plant. 

Pyrometers inserted in the boiler passes, for obser- 
vations of flue gas temperatures, should never be placed 
between or near the boiler tubes, as a very considerable . 
error may be introduced by the influence of the com- 
paratively cool tubes. For this reason, it is never ad- 
visable to assume as stack temperatures, the indications 
taken between the tubes of the last pass of the boiler, 
since the results thus obtained are invariably lower than 
the correct figure. 

For draft readings, an Ellison Differential Draft 
Gauge was used and for temperatures of air and gas, 
ordinary thermometers, read at frequent intervals. 

It might be well to mention here that much experi- 
mental work that has been done in this field is of ques- 
tionable accuracy owing to the use of unsuitable in- 
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struments, improper use of suitable instruments, or 
questionable methods of calculation. Recently numerous 
test results have been published in connection with new 
burners for which high efficiencies have been claimed. 
Since some of these results have been based upon in- 
dications of CO, recorders and flue gas temperatures and 
the heat balance calculated accordingly, it might be well 
before going further to call attention to the errors that 
might result in data obtained in this manner, if extreme 
care is not exercised by those making the test. 

While a CO, recorder can be made to correctly indi- 
cate the quantity of CO, present in a flue gas, it does 
not indicate the other constituents—O, and CO—the rec- 
ord of which is necessary for any calculation of efficiency. 
Where such an instrument in conjunction with a pyrom- 
eter, is used for controlling purposes, the method of 
operation is to regulate the air supply to the furnace 
until a maximum quantity of CO, and a reasonably low 
temperature in the flue gas is indicated. Such indica- 
tions can be very misleading for the reason that an 
indication of CO, alone is a measure of the stack loss 
only when the flue gases are not accompanied by other 
burnable constituents. Of course, in practice, even with 
the so-called mixing burners, a perfect flue gas is an ex- 
ception and not a rule; hence a calculation of the stack 
loss based only on records of CO, and temperature 1s 
more or less erroneous. The magnitude of such errors 
for any quantity of CO present in any flue gas can be 
got from the curves shown on curve sheet 7. 

The importance of maintaining a constant, low, tem- 
perature on the cold junction of a pyrometer couple may 
be illustrated by the following example: 

A Le-Chatelier couple was calibrated in an electric 
furnace over a range of 200 to 800° F., and found to be 
90° low over the entire range. This couple, placed in 
boiler stacks so that the cold junction extended 12” out- 
side the stack shell, was found to read 110° low at tem- 
peratures of 550° and 85° low at temperatures of 650° F. 
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This error was due entirely to the fact that the cold 
junction was not cooled, its rise in temperature, above 
the standard point, being produced by heat conduction 
through its metallic protecting tube and by radiation 
from the stack shell. 

The magnitude of an error of 85° in the temperature 
of the flue gases may also be observed on Curve Sheet 6. 


General Calculations. 


Introductory to the discussion of general caleula- 
tions, it should be noted that the volumetric method is 
used throughout, in contrast to the usual, but much 
slower and bulkier, method of reducing gas quantities 
to weights. The baits of heat input is taken as the 
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calorific value of one cu. ft. of dry blast furnace gas 
at 62° F. 
The volume of the products of combustion at any 
point in the operation is to the volume of furnace gas 


420 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


as their total percentages of carbon gas constituents. 
The following calculation illustrates the method: 


Assume: 
Blast Furnace Gas (Dry). Flue Gas (Wet). 
GOs Be 08 a noth eee ete 15.190 -0 GOs) oo soso 22.5% 
COPS PRC a eee tee ae 24.3 One eee eo Sere ase ere 0.7 
Basix he isha oes oe ei ee 35 COMM aoe oS hee eee te ee 0.3 
Nis sacl tae a eee 57.2 Ne panes Ade Seema ae 68.2 
Total C(Gases.s.< «tachi. sets 39.4 ERO ene ous cee hose ee ae 8.3 
BAL SU sie ternctsorate dele eiceteina ae 88.4 Total © Gasad 2.4. asteue 22.8 
Memperalurer -ceen < oetes 330.0 Temperature’ cs «side «ceo 803.0 
Calorific heat in furnace gas Seats tee == $8:4~ BTU: per cu. ft. 
Sensible heat in . @ 330° -=58 a ~ 
Total® s.c. 6. teat ee = 93:9 = ae on 
Sensible heat in flue gas at 803°...... = 216.5 rs A a Ts 
Flue gas per cu. ft. of furnace gas = 39.4 
: — = 1.73 cu. ft. 
La aes 
Heat loss per cu.ft.offurnacegas = 1.73 x 16.5— 28.5 B.T.U. 
co SS ge ES ES *:  Ve=se.008 UL Ta 324 = EOL ee 
Sensible heat loss = 28.5 
ee se A 
93.9 
COVE IGSR eters. ze eee vate == 20 
2 oS 
93.9 
Radiation loss........... —— 
BTHolen cy ai. sie tenie cheese ee = 64.3 


The steam in flue gas is the sum of the amount 
formed by burning hydrogen and the moisture content 
of the furnace gas. A large number of determinations 
gives an average figure for the latter of about 35 grains 
per cu. ft. of rough gas. 

In the sete st of calorific heats, the net values 
are used; for C , and for H. 278 B.T.U. per cu. 
ft. at 62° F. and 30” ay 

For the calculation of sensible heat in furnace and— 
flue gas, the specific heat formule given in Richard’s 
‘‘Metallurgical Caleulations,’’ Vol. 1, were used. The 
heat lost in flue gas is assumed to be that amount con- 
tained between 62° F. and the flue temperature. It has 
not been considered necessary to go into detail of cor- 
recting for moisture and sensible heat in the air. 

As an aid to making, rapidly, approximate calcula- 
tions of efficiency by the indirect method, the following 
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curves have been plotted: Curve Sheet 5 showing theo- 
retical flame temperature of blast furnace gas cath dif- 
ferent proportions of air excess and unconsumed CO: 
Curve Sheet 6, showing sensible heat losses in stack for 
gases of various analyses and temperatures; Curve 
Sheet 7, showing the losses due to unconsumed CO in 
the stack gases, for various percentages of CO in the 
stack gas analyses and different degrees of dilution. 
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General Observations. 


While conducting boiler tests, primarily designed to 
study burner construction, it has been found difficult to 
separate the main question from the allied subject of 
heat absorption in boilers burning blast furnace gas. 
This investigation was made by placing a water cooled 
pyrometer successively at the top and bottom of each 
pass, the general condition meanwhile being held con- 
stant by means of pyrometers in the combustion chamber 
and stack. Results of such observations on several 250 
H.P., B. & W. Boilers at Duquesne, a 500 H.P., B. & W. 
Boiler at National Tube Company, McKeesport, and a 
500 H.P. Stirling Boiler at Pittsburgh Steel Company 
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at Monessen, are shown on Curve Sheet 8. These curves 
show the desirability of high flame temperature, which 
results in a large proportion of the total absorption tak- 
_ ing place in the first pass at a temperature range where 
rate of heat transfer is greatest. The McKeesport and 
Monessen Curves, by their sharp drop in the third pass, 
demonstrates the great advantage due to exceptionally 
tight baffling. 
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In the taking. of the temperatures in the different 
parts of the boiler, the areas were explored with the 
couple to find the highest temperature in order to make 
sure that no cooling influences in any way would affect 
the readings. 

Operations with efficiencies over 70% are rare, and 
while this may be done on occasions, extremely few can 
maintain it as an operating condition, 

It is possible that in the case of first class equip- 
ment throughout, boiler plants could be run at the very 
highest efficiency if a corps of engineers with testing 
equipment were continuously regulating each boiler. 
This, however, would not be a commercial proposition. 
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Hence, automatic or equivalent means of continuous 
regulation should be striven for. 

Of a total of 60 Blast Furnaces in the Corporation 
under observance, the tests and information from the 
operators indicate a practice of not exceeding 55%. The 
inerease of 10% probably possible with improved condi- 
tions will show a yearly saving of one and one-half 
million dollars. 

In a number of instances operators stated that their 
efficiency was high, due te changes of equipment and 
operation, and pointed to less coal consumed as the final 
proof. In some instances, after the changes were made, 
the total steam capacity was only normal for the quan- 
tity of iron produced. The only deduction to be formed 
is that the former efficiency was extremely low and 
the plants are now only operating in the proximity of 
where they should have been previously. A change of 
equipment is mm almost every instance accompanied by 
extensive repairs and one is often misled as to the real 
reason for tlie improvement. 


GENERAL CONCLUSIONS. 


Both the tests on boilers and stoves on the preceding 
pages, as mentioned before, are for the most part of com- 
bined efficiency, and a comparison of a burner in one plant 
with that in another under different conditions and super- 
vision is not fair. In some cases, opportunities of testing 
two or more types gave indication of what might be ex- 
pected, and it is best for those interested to study the 
data collected and apply it to their own conditions. 

The indirect boiler test is not to be trusted except 
in the hands of experienced engineers. Low stack tem- 
peratures alone mean very little, without the correspond- 
ing flue gas taken at the same point. Hrroneous tempera- 
tures can be obtained in various ways, principally as 
follows: 

1st—By placing the thermometer or couple too near 

the tubes or drums. 
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2d —By not placing the instrument in the gas flow, as 
in an eddy spot or two near the wall, too near 
the damper, ete. 

3d—By having air leaks around the couple. 

4th—Exceess infiltration of air in the boiler or stack 
continuous. 


It will be observed, from the information collected, and 
here presented, that the subject of properly burning gas 
is of more complex character than it first appears, and 
this is further borne out by the fact that almost every 
plant of importance is at present either reviewing or 
experimenting with a burner of their own development. 
A few of the most prominent ones are outlined and 
descriptions of many others have been received, but with- 
out sufficient data to warrant their inclusion. All, how- 
ever, come within the subdivision outlined. 

The data were collected and presented with a twofold 
object: First, to exhibit in a comprehensive manner the 
present status of stove and boiler combustion develop- 
ment, with a general collection of sufficient data and tests, 
in conjunction with the opinions obtained from the differ- 
ent plant engineers, as well as numerous instances of 
combined check data obtained for verification purposes, 
for the guidance of those who wish to pursue the subject 
to a further extent; second, to eall attention to the fact 
of the economic waste prevalent in most of our large 
installations due to lack of observation and attention to 
what was and still is in some cases, a minor by-product 
and of secondary consideration. 

I wish to express my gratitude to Messrs. Siebert and 
_ Fitzgerald, of the Experimental Engineering Department 
of the Duquesne Works, for their aid in testing, and in 
checking and preparing this paper. Further, I wish to 
especially call attention of the Institute to the kindness 
and courtesy of the various managements of not only the 
plants quoted, but of many others to whom I applied for 
information. The invariable answer, ‘‘We will give you 
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everything we have,’’ expresses most forcibly the change 
of attitude between manufacturers within the last few 
years, and demonstrates a mutual desire for more exten- 
sive information. Too much credit cannot be given the 
Iron and Steel Institute for its share in the accomplish- 
ment of this result, and if this paper fulfills no other 
-purpose, the efforts expended in its collection are not 
in vain, if it emphasizes the further recognition of the 
spirit of co-operative educational advancement in the 
iron and steel industry. 


MODERN METHODS OF BURNING BLAST FUR. 
NACE GAS IN STOVES AND BOILERS 


Discusston py Henry P. Hownanp 


Superintendent of Blast Furnaces, Wisconsin Steel Company, 
South Chicago, II. 


The title of Mr. Diehl’s paper covers a subject pecu- 
liarly difficult, due to the fact that its consideration is 
comparatively new and that reliable information is very 
hard to obtain. In reading the paper one is impressed 
with the thoroughness and fairness with which the paper 
has been written. One is further impressed with the fact 
that there are a great many different gas burners and 
that many of them do fairly good work. 

A year ago at the Wisconsin Steel Company we at- 
tempted to increase the efficiency of our gas-fired equip- 
ment. ‘Thus far we have installed three pressure burners 
on our stoves and sixty-six Birkholz-Terbeck burners at 
our boilers. Our first step in approaching this problem 
was the installation of checkers in the bottom 25 ft. of 
the combustion chamber of No. 1 stove. This increased 
the stove efficiency, but impeded the flow of gas to such 
an extent that we were unable to use the stove to its full 
capacity. The next move was the equipping of No; 2 
Stove with a pressure burner. The air for this burner 
was supplied through an 18-in. pipe by a No. 9 Sturte- 
vant fan. Having all other air inlets closed we were 
now able to compel the stove to burn all the gas desired. 
This type of burner had been expected to effect quite 
a gas saving by increased stove efficiency. In this we - 
were disappointed, 


Savine or Gas Nor Hrrecrep py Burner ALONE, 


After several tests of stoves equipped with and with- 
out this burner, we were forced to conclude that with 
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equipment such as ours, namely, stoves with large checker 
openings, small total heating surface relative to radiat- 
ing surface and poorly insulated shells, the burner in 
itself will not effect any gas saving. The per cent. of 
radiation and stack loss remained practically the same. 
On these stoves the radiation loss per stove increases 
practically in the same proportion as the work done by 
the stove. That is, the total radiation loss on the stove 
system is practically the same regardless of the number 
of stoves in use. This may be explained on the ground 
that the increased pressure in the stove as created by 
the pressure burner tends to raise the shell temperature. 
Whether this condition would be true in the case of well 
insulated shells, we had no way of ascertaining. 

In the endeavor to cut down the increased radiation 
and stack loss, due to forcing the stove by the use of 
the pressure burner, checkers were installed in the com- 
bustion chamber of No. 2 stove. Supported on arches 
located about 6 ft. above the bottom of the combustion 
chamber, these checkers extend 57 ft. to the top of the 
chamber. They are built with 9-in. openings and 41/-in. 
wall, adding 3,800 sq. ft. to the heating surface of the 
stove. When the pressure burner was now used on this 
stove, both the stack and radiation loss was found to 
have been reduced to a marked degree resulting in greatly 
increasing the stove efficiency. By equipping No. 1 and 
No. 5 stoves in the same manner, we were able to operate 
with three stoves. The net result is as follows: 

October, 1914—F ive stoves in use burning 21,000 cu. 
ft of gas per minute and heating the blast (36,000 cu. ft. 
of air per minute) to 1,100 degrees Fahrenheit. 

September, 1915—Three stoves in operation using 
16,000 cu. ft. of gas and delivering the same total blast 
heat. 

How large a quantity of gas one of these burners will 
burn completely has not been determined. With the gas- 
main pressure as high as 10 in., we were able to force 
9,500 cu. ft. of gas per minute through the checker- 
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obstructed combustion chamber and burn it completely. 
Under these conditions, the pressure in the combustion 
chamber was 31% in. and at the chimney valve about 14 in. 


Burner REGULATION. 


This burner lends itself easily to correct regulation. 
The gas and air mains are equipped with U tubes and 
regulating valves. The pressures necessary to give com- 
plete combustion are ascertained. With the pressure at 
the required points, the stove tender not only is assured 
of the required heat, but that the quantity of air sup- 
plied is correct. During the past year we have analyzed 
our stack gases day and night, and find that generally 
the pressure burner is giving a gas with less than 1 per 
cent. of either carbon monoxide or oxygen which, com- 
pared to our former practice, would be called ‘‘complete 
combustion. ”’ 

The power required to deliver the air to these burners 
will, of course, depend upon many local conditions. De- 
livering 9,000 cu. ft. of air per minute at 20-in. pressure 
requiring two No. 9 Sturtevant fans, the power consumed 
is, approximately, 45 kw. On the basis of a production 
of 500 tons per day and 1% cent per kilowatt hour, the 
power cost thus amounts to 1 cent per ton of iron. 


ELIMINATING THE ComBUSTION CHAMBER. 


You have seen that we accomplished the desired gas 
saving by using the checkers in the combustion chamber in 
connection with the pressure burner. Due to their loca- 
tion, these checkers are four times as efficient per square 
foot of heating surface as the original checkers. We 
have three stoves equipped with the pressure burner, in 
which the combustion chamber has been practically elimi- 
nated. This method of construction has possibilities 
which may be of value in designing future stoves. 

In order to increase the amount of gas passing 
through the pressure burners, it is necessary to increase 
the gas-main pressure. The advisability of this practice 
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is doubtful from the standpoint of efficient furnace opera- 
tion, since it seriously increases the pressure on top of 
the furnace. We would propose that instead of using 
the furnace to create this increased pressure, a booster 
be located in the gas main. The same result could prob- 
ably be obtained by using an exhauster on the chimney 
side of the stove. This latter suggestion offers possibly 
a simpler operating proposition, more especially in view 
of the probability that with new stoves of proper design, 
stack heats may be so low as to interfere with the chim- 
ney draft. 


Hanp Receunation or BurRNER DESIRABLE. 


Turning to the problem of boiler burners, we find 
ourselves inclined to more enthusiasm in favor of some 
such burner as the Birkholz-Terbeck type than that ex- 
pressed by the author of the paper. This burner pro- 
vides an easy, convenient hand regulation of the proper 
amounts of air and gas for complete combustion, and a 
mixing chamber for the air and gas before entering the 
boiler setting. The author has, in our opinion, placed 
too much emphasis upon variation in boiler house gas- 
main pressure. At most plants there is no great varia- 
tion in this pressure from hour to hour or day to day. 
Consequently, if a ready means for hand regulation is 
provided and stack gas regularly analyzed there is no 
reason why reasonably high efficiencies cannot be attained 
by boiler house operatives. 

In the case of the ‘‘Common burners,’’ as termed by 
the author, which are in most general use at the present 
time, no means is provided for the boiler house superin- 
tendency to manipulate or regulate the gas and air mix- 
ture, and it is therefore fruitless to provide them with 
means of analyzing the stack gases. 

However, when it comes to comparing by a test the 
new and old burner, it is always possible, as suggested 
by Mr. Diehl, to stick in ‘‘a brick or a ball of clay’’ there- 
by getting approximately the correct regulation and 
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bring up the efficiency of the old burner much above the 
regular and usual practice. 


Bower Puant Erriclency wItH BURNERS. 


Mr. Diehl places the average efficiency of the furnace 
boiler plant using the ‘‘common burner’’ at ‘‘not over 
50 per cent. and frequently much lower.’? We had an 
excellent opportunity to test nine of our boilers equipped 
with thirty-six Birkholz-Terbeck burners. Only one fur- 
nace being in operation, we carefully measured the gas 
to the stoves and boiler house, and accurately figured 
the gas produced by the furnace thus checking our gas 
input. The feed water and gas was measured for a 
period of 8 hours. The burners were not touched by 
any one—in other words—it was a regular operating con- 
dition. The result was 68 per cent. efficiency. We be- 
lieve this represents a big improvement over our prac- 
tice on these same boilers equipped with the common 
burner. 

We would conclude as follows: For use on stoves 
we believe the pressure burner to be preferable. Re- 
garding boiler burners, first, the point of automatic 
regulation, as emphasized by Mr. Diehl, does not seem 
to us to be vitally essential; second, it should be admitted 
by all that a big step in advance has been taken in equip- 
ping a boiler house with burners capable of easy hand 
regulation in the place of the so-called ‘‘eommon burner.”’ 
(Applause. ) 

Presipent Gary: The discussion will be continued by 
Mr. A. E. Maccoun, of the Carnegie Steel Company. 


MODERN METHODS OF BURNING BLAST FUR- 
NACE GAS IN STOVES AND BOILERS 


Discusston sy A. KE. Maccoun 
Superintendent, Edgar Thomson Blast Furnaces, Carnegie 
Steel Company, Braddock, Pa. 


Mr. Diehl has covered his subject of burning blast 
furnace gas in stoves and boilers very thoroughly, and 
has given us details of the various methods in use. As 
he has pointed out, it was impossible to develop and 
arrive at an efficient gas burner for this purpose before 
the use of clean gas under uniform conditions of pres- 
sure, moisture, etc., was introduced. The cleaning of 
blast furnace gas has given the blast furnace operator 
these conditions, and since its introduction many refine- 
ments in the construction of gas burners have been made, 
and still further refinements will be made in the future 
to obtain the maximum efficiency possible under our dif- 
ferent conditions. We must not lose sight of the fact 
that in conjunction with any burner the design of stoves 
or boilers must be adapted to burning blast furnace gas 
if we are to obtain the best results. 

Nearly all burners described are modifications with 
improvements in details of the old Bunson or Spear- 
man type of burner. The efficiency of all these burners ~ 
depends on the thorough pre-mixing of the proper pro- 
portions of air and gas, so as to obtain more nearly 
perfect combustion. This, on some of the newest types 
of burners, approximates 98%. With the old type of 
Spearman burner used on the stove test which I out- 
lined in my paper on ‘‘Blast Furnace Advancement”’ 
before the Iron & Steel Institute in May, 1915, an aver- 
age stove efficiency of 61% was shown; but I called at- 
tention in this paper that the gas in the combustion 
chamber burned progressively in vertical layers, that the 
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samples above the burner always showed poorer com- 
bustion than at the burner level, and that combustion 
was not complete until the gases had passed out of the 
combustion chamber into the dome of the stove. By 
burner refinements, as described by Mr. Diehl, these con- 
ditions were greatly improved, and various long tests 
made on this same stove under the same operating con- 
ditions showed an increase in stove efficiency, the average 
of these tests showing an efficiency of 71%. This im- 
provement was all due to better mixing of gas at the 
burner and the use of a burner design that eliminated 
the burning of gas explosively and the throwing out of 
flame around the burner. 

There are three principal methods of mixing gas used 
by the various burners described. 

First, the velocity mixing type. 

Second, the vane mixing type. 

Third, the type which mixes by impinging air and 
gas streams into each other. 

Efficient gas burners can be constructed by the use 
of each of these principles, and as Mr. Diehl has shown, 
there is no type which has been developed at the present 
time that we may safely say is the most efficient burner. 
We may only decide which type of burner is the most 
efficient after thorough and reliable tests, for at the 
present time the various types of gas burners have not 
been tried out long enough in practice, and sufficient de- 
tailed tests have not been made, to arrive at any such 
conclusion, 

This paper brings to your attention the various de- 
velopments being made in the different methods of burn- 
ing blast furnace gas. We can still look for further 
improvements to be made along these lines in the future. 
(Applause. ) 

Prestpent’ Gary: The discussion is open now to any 
others. We will be glad to hear from any one. 

Mr. Wins L. Kine: Every time that I come to these 
meetings I am more and more impressed with the excel- 
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lence of the papers and the thanks we owe to these young 
men for their time and knowledge and scientific research. 
The committee in charge of the program cannot, of 
course, be expected to know every one in the Institute 
who perhaps would be very glad to give such a paper, 
and I would suggest, Mr. Chairman, that those members 
of the Institute who are willing and capable of presenting 
papers that would be of general use to this Institute, 
would inform the committee to that effect, and I have no 
doubt that in the course of time, as the meetings go on, 
they will have a chance to be heard. I am sure that I 
enjoy these papers. Although I am not technical, I feel 
that they are of great use, and I hope there will be no 
disposition on the part of the members to fail in giving 
their best thought and scientific knowledge to the In- 
stitute. (Applause.) 

PRESIDENT Gary: We shall now have a paper on 
The Heat Treatment of Steel in Automatic Electric 
Furnaces, by Mr. Thaddeus F. Baily, of Alliance, Ohio. 


THE HEAT-TREATMENT OF STEEL IN AUTO- 
MATIC ELECTRIC FURNACES 


TuHappeus EF’. Batty 


President, The Electric Furnace Company of America, Alliance, Ohio 


Since the earliest time of which we have record of the 
use of steel, heat-treatment for the purpose of increasing 
its physical properties has been carried on in connection 
with the materials for war purposes; but until the advent 
of motor-car production in commercial quantities, heat- 
treatment of steel in commercial work was little practised 
excepting in the treatment of tools. 

The strains developed in motor-car operation, how- 
ever, demanded material of greater strength and resili- 
ence than that offered by common steels, and new alloy 
steels showing remarkable physical properties were rap- 
idly produced in commercial quantities. It soon devel- 
oped that even these new steels must be heat-treated in a 
proper way as determined by their composition, in order 
to get reliable results in their use. It was at this time 
that heat-treatment of steels in large quantities became 
acknowledged as an essential operation in the manufac- 
ture of all steel parts subject to severe strain. It is thus 
to be noted that although the advantages of heat-treat- 
‘ment were known from the earliest time, this knowledge 
was not put into extensive commercial practice until the 
success of a great industry depended upon the application 
of this knowledge. 


THe Prostem or Haar TREATMENT. 


The problem that immediately confronted the users of 
heat-treated steel was the lack of uniformity shown in its 
physical properties, and this for any given steel was imme- 
diately traced to the imperfections of the means em- 
ployed, as heat-treatment at first was done in some crude 
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form of combustion furnace, either oil, gas or coal fired. 
Coupled with the imperfections of the heat-treating fur- 
nace itself was the inadequate means for quenching the ma- 
terial after heating for the purpose of hardening, and it 
soon became known that for a given steel the quenching 
temperature, the time in the quench, the quenching liquid 
and its temperature were all factors of importance affect- 
ing the physical properties of the steel under treatment. 
Another, and one of the most uncontrollable variables, 
was the human element, to which all the other variables 
were more or less inseparably tied. 

The problem in heat-treatment, then, becomes one 
where, if results possible of attainment with any particu- 
lar steel are to be realized and engineering calculations 
based on these figures, the treatment must be carried on 
in such equipments and by such methods that the chance 
of any variation in the essential features of the treatment 
must be reduced so as to preclude the possibility of the 
material passing through the heat-treating equipment 
without receiving the treatment intended. 

It has been possible to control automatically to some 
extent the temperature of oil or gas furnaces, but no 
device has yet been designed which has proved itself 
dependable. Hven assuming perfect control of tempera-— 
ture, there is yet required means for automatically remov- 
ing the material from such controlled furnace, quenching 
it quickly in a quenching medium of constant temperature 
for a definite length of time, removing it from the bath 
and charging it into the second or drawing furnace, which 
must also be of constant temperature. Even assuming 
that the temperature of the furnaces can be kept constant 
by some automatic fuel-control means, and that suitable 
means may be developed for handling the material 
through the various operations just cited, there is in this 
general scheme the fatal weakness that the furnace tem- 
perature and the temperature of the material under treat- 
ment may vary greatly and the whole scheme from a 
practical standpoint break down on this feature. 
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Automatic Conrrot oF Heat anp MarertaL ATTAINED. 


With the development of electric furnaces for heat- 
. treating, it became apparent that the temperature of such 
a furnace could be readily maintained within a few de- 
grees of the designated temperature whether standing 
idle or running at any predetermined capacity. This type 
of furnace, then, so far as temperature control was con- 
cerned, was all that could be desired; but the human ele- 
ment involved in the operations of drawing the charge 
when heated, quenching and recharging still remained, 
and in response to a demand for a heat-treating equip- 
ment of the automatic type where the human element 
would consist solely in the placing of the material on the 
charging platform of the first furnace—all subsequent 
operations being done automatically in accordance with 
the predetermined adjustment—the equipment now to be 
described was developed. One of such equipments has 
operated continuously over periods of more than 3,000 
hours, in which time more than 8,000 tons of steel were 
treated with a temperature variation of less than 10 
degrees Fahr. in the metal; and a uniformity of results in 
the physical properties of the material treated were ob- 
tained which indicate that the small variations noted in 
the tests one with another were due solély to the slight 
variations in the composition of the steel. 


THE EHQuIPpMENT AND Its OPERATION. 


A typical equipment embracing all the features re- 
quired to perform automatically the essential operations 
in heat-treating, consists of an electric furnace of the con- 
tinuous type in which the material under treatment is 
moved through the furnace on cast beams of suitable 
shape and composition by means of hydraulic pushers; 
a transfer and quenching device hydraulically operated 
is adapted to reach into the furnace immediately after 
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the opening of the doors; then a charge of heated material 
is pushed on to this transfer platform by the pusher at 
the opposite end of the furnace. When this material has 
reached a central position on the transfer platform it is 
withdrawn from the furnace and plunged into the quench- 
ing bath. The downward movement of the transfer opens 
the valve on the quenching medium supply line, which 
supply is maintained under a constant head and tempera- 
ture. The transfer platform with its material remains in. 
the quench, and the cold quenching medium is allowed 
to flow unrestricted until a time element device actuates 
the hydraulic valve on the lift cylinder of the transfer, 
whereupon the transfer platform with the material is 
raised out of the quench and placed on the charging plat- 
form of the second or drawing furnace, where it remains 
at rest until moved into the second furnace by the pusher 
on that furnace. Simultaneously with the movement of 
the material into the second furnace, the heated material 
is pushed out of the discharge end. 
The important element in the operation of the entire 
equipment is the temperature measuring devices adapted 
to take the temperature of the material under treatment 
itself, not the furnace temperature, and when the material 
has reached the designated temperature these special 
pyrometers actuate the interlocked electrically operated 
hydraulic valves on the valve pulpit controlling the eylin- 
ders performing the various motions of the equipment. 
It will thus be seen that the material cannot be 
removed from the first furnace until it has reached the 
prescribed temperature, at which time it is quickly 
removed and quenched for a definite period in a liquid of 
constant temperature, after which it is put into the draw- 
ing furnace and subsequently withdrawn upon reaching 
the designated temperature for the drawing operation. 
When the material under treatment is délivered at the 
discharge end of the second furnace it can have had no 
other treatment than that for which the equipment is 
adjusted. 
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Such equipments as the one just described produce 
materials whose physical properties are increased to the 
full extent of the theoretical possibilities of heat-treat- 
ment. And this is accomplished with a marked reduction 
in labor and usually at a lower net cost for treatinent than 
by hand-operated fuel-fired furnaces. (Applause. ) 


Present Gary: I believe this subject is of very great 
interest and importance, and I am glad to know that it is 
going to be discussed to some extent. Mr. Samuel Jue 
Wellman, of Cleveland, will speak, and Professor J. W. 
Richards, of Lehigh University, has written a short state- 
ment which the secretary will read, and after that open 
discussion will be offered. Mr. Wellman. (Applause. ) 


HEAT TREAMENT OF STEEL IN AUTOMATIC 
ELECTRIC FURNACES 


Discussion By Samuru T. WELLMAN 
Chairman, Wellman-Seaver-Morgan Company, Cleveland, Ohio 


When our secretary asked me to discuss this paper, 
I declined at first. I thought he would do much better 
to have the paper discussed by these live wires who are 
- right in the business, and not come to an old has-been 
like me. However, I am very glad to say a few words. 
I won’t take much of your time. 

In the first place, I want to congratulate Mr. Baily 
on the beautiful way in which his paper has been pre- 
sented. If we had more of our papers illustrated in 
such a way as this, it would add enormously to the 
interest. 

There is no question but that an electrically-heated 
furnace such as described by Mr. Baily is ideal in every 
respect. The electrical timing and regulation can be 
worked out without any trouble; and if the cost of the 
electrical heating is not very much in excess of coal or 
gas, it should have a very extensive field. . 

In the heat treatment of steel, especially alloy steels, 
it is of the greatest importance that the treatment should 
be exactly alike in every piece of steel. If occasionally 
a piece goes through without proper treatment, it is, of 
course, an occasion of weakness in whatever machine it 
is used; and if failure follows, the damage to the repu- 
tation of the maker of the steel cannot be measured in 
dollars and cents. Any steel maker can make some steel 
of the highest quality; no steel maker can make it always 
perfect. The one that comes the nearest to the 100 per 
cent. mark is the one that gets the best of the trade. 

What the steel maker wants and needs is apparatus 
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that is fool-proof. Mr. Bailey’s scheme for heat-treating, 
if properly designed and built, should come very near 
this much desired end. 

If this invention of Mr: Baily’s could be success- 
fully applied to heating furnaces or soaking pits for hot 
steel ingots, it would have a wide field to work in. There 
is room for great improvement over existing practice. 
The present furnaces have always seemed to me very 
crude and an immense amount of heat is lost. I believe 
that an electrical furnace, somewhat on Mr. Baily’s de- 
sign, can be made that will beat the ordinary gas fur- 
nace in cost of operation. 

I am very glad to congratulate Mr. Baily in his 
success so far and hope he may do much better in the 
future. 

The only suggestion that I would make, after seeing 
Mr. Baily’s pictures of the furnace—and this is al] that 
I know about it, I have never seen the drawings of the 
apparatus—I may be wrong, but I judge that the furnace 
is electrically heated. But I would Suggest that a sim- 
pler apparatus, a simpler way of making the movements, 
would be to make them all electrical. Many years ago 
I went through much the same experience that Mr. Baily 
has had in working out the charging machine. The first 
one was all hydraulic, and the next one was hydraulic 
and electric, and the next one was all electric. Now 
nobody thinks of anything else but an all-electrically oper- 
ated and regulated charging machine, In these days of 
the perfection of electrical motors and regulators, when 
you simply push a button and have a magnetic con- 
troller that does any work you like, the problem is very 
much simpler than it was in the old days when we simply 
had a controller by which we pushed a lever. That 
whole cycle of preparation, it seems to me, could be 
very much simplified by making all the movements en- 
tirely electrical, and it don’t need any argument before 
you gentlemen, to say that in this day in this country 
of zero weather for two or three months in the year, 
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the less hydraulic we can have around the works, the 
better off we are and the more peace of mind we will 
have at night. (Applause.) 


PreswENT Gary: Some of the most prominent has- 
beens are the most effective and the most necessary 
‘‘isers.’’? Mr. Wellman cannot relegate himself to the 
past. Behold him reading his paper without the use of 
glasses! (Applause.) Listen now to Professor J. W. 
Richards speaking through the tongue of our secretary. 

(Secretary reads Professor Richards’ MS.) 


IEAT TREATMENT OF STEEL IN AUTOMATIC 
HLECTRIC FURNACES 


Discussion sy J. W. Ricwarps 


Professor of Metallurgy, Lehigh University, South Bethlehem, Pa. 


Mr. Baily has opened up a method with a wide range 
of possible usefulness. The automatic heat treatment, 
eliminating the personal factor of the workman, is a 
great step in advance in the heat treatment of steel. 

With proper design and heat insulation, electric fur- 
naces of the Baily type should be capable of putting 
into the articles to be treated fifty per cent. of the heat- 
ing energy of the current. This heating energy is the- 
oretically 635 kilogram Calories (2,515 B.T.U.) per h.p. 
hour, or 860 kg. Calories (3,410 B.T.U.) per kw. hour. 
Taking the data per kw. hour, 430 Calories (1,705 
B.T.U.) will raise a considerable amount of steel to the 
quenching temperature, as may be seen from the heat 
required to raise steel to different temperatures given 
in the following table: 


Heat required Weight heated 
a5 Cal. B.L.U. Kg. per Lb. per 
Raising to per kg. per lb. Kw. hr. Kw. hr. 
600°C L112°R 85.0 153.0 ’ 10.1 22.2 
700°C 1292°Rr 111.8 201.4 ew 16.9 
800°C 1472°R 135.8 244.4 6.3 13.9 
900°C 1652°R 152.8 275.0 5.6 12.3 
1000°C 1832°R 167.8 302.0 5.1 Ln? 
1100°C 2012°K 183.0 329.4 4.7 10.3 
1200°C 2192°R 200.0 360.0 4.3 9.3 


At places where electric power is expensive, it should 
be practical to arrange the furnace to burn coal, gas 
or oil for preliminary heating to within one or two hun- 
dred degrees of the quenching temperature, and then use 
the electric heating only for completing the heating 
and adjusting the final quenching temperature. Such a 
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combined fuel and electric furnace might work cheaper 
in many localities than an all-electric furnace. In fact, 
if gas or oil is available, it would seem quite simple to 
introduce some fuel heating in Mr. Baily’s electric fur- 
nace itself, and thus diminish the power consumption 
where current was expensive. 

There seems no doubt that some such device would 
improve rolling practice, by discharging ingots from the 
furnace always at the proper temperature. The electric 
furnace could then act as an electrically-controlled soak- 
ing pit, which would receive hot ingots and discharge 
them only at the properly adjusted temperature. A 
furnace of the pusher type, with electrically-controlled 
discharging device, would achieve this end. The heat- 
ing might be all-electric, or part electric and part gas, 
or even all-gas. 


PresipENT Gary: Are there others who wish to speak 
on this subject? 


Mr. Atiterton S. Cusuman: Mr. Chairman, I would 
like to ask the author something about the adjustment of 
pyrometers whereby the temperature of the metal is 
maintained and not the temperature of the furnace. The 
author referred to that point having been covered. I 
would like to have him explain just how those pyrometers 
are arranged. 


Mr. Batty: That is arranged by having the pyrometer 
coupled within perhaps half an inch of the material about 
to be discharged, so that the influence comes almost solely 
from the metal instead of from the furnace temperature. 
Does that answer the question? 


Mr. CusumMan: It does in a measure, but when we are 
heat-treating large steel objects, it is necessary that the 
heat should soak all the way through the metal so that 
the refinement would be complete. And Professor 
Richards’ suggestion that we might have an automatical 
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control seems almost utopian, because the surface tem- 
perature of a large piece-of steel is not always necessarily 
the temperature of the center, and the important thing in 
the pyrometer measurement of large steel pieces in 
furnaces is to be sure that the center of your piece is 
thoroughly refined, to the same extent that the surface is. 


Mr. Batty: In answer to that I will say that we allow 
a sufficient length of time in the heating up operation that 
the material has had adequate time to come to a tem- 
perature equilibrium. In the case shown on the screen, 
it allowed us four hours in coming to that temperature, 
so that there would be a very slight variance. 


Presipent Gary: Are there others? Everything con- 
nected with electricity is intensely interesting. Where 
does it commence, and where will it leave off? What is 
it going to do? It will encircle the globe. Touch a but- 
ton and it will do almost anything in a mill. Go into 
some of these large mills now and you are astonished at 
the lack of men distributed around the mill. As in olden 
times, you see the machinery all in operation, and it is a 
wonder how the machinery can be operated without the 
use of men. Electrical welding, electrical finishing of 
steel, it may be expensive at the present time, it may be 
utopian to suppose that the method will be economical, 
will be cheap; but that is what we said with reference to 
propulsion by electricity not long ago. All the railroad 
people supposed they couldn’t use electricity in moving 
an engine or a train. But in all respects the use of 
electricity is more and more wonderful day by day, and 
this is one of the greatest and most interesting and most 
important subjects for consideration by manufacturers 
at the present time. And I have no doubt that every one 
here is interested, and all who have gone would have 
been interested if they could have heard this paper, and 
will be interested in reading it. At the next meeting I 
suppose perhaps some professor in some of the great 
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colleges may, at the right moment, touch a button, and 
we will sit here and listen to a machine talking to us 
about some electrical device or prospect. And so the 
world is moving along, it is simply magic. (Applause.) 


Mr. Batty: Mr. Chairman, I would like to answer Dr. 
Richards’ comment on furnace efficiencies. He men- 
tioned that furnace efficiencies of 50 per cent. should be 
obtained. On the furnace shown on the screen, it showed, 
on official test, a thermal efficiency of 921% per cent. (Ap- 
plause. ) 


PRESIDENT Gary: Just because I have a moment’s 
time, I want to say that at this meeting, as in all other 
meetings, I am peculiarly struck with the fact that the 
papers show a disposition on the part of all the members 
of the Institute to be cordial in their reception of others 
who are seeking information and who are asking to go 
into the recesses of the mills, the offices, examine the 
figures, to get at the facts, for the purpose of building up 
an argument or an illustration which shall be of benefit 
to the members of the whole association. It must be a 
delight to every member of this Institute to know that he 


comes into an atmosphere of the greatest friendship and 


the greatest cordiality when he attends the meetings. I 
venture the assertion that there has never before been an 
institute, an association of any kind, in any country, that 
showed a better feeling or a better disposition, or that 
carried on its work on a higher plane, or that was doing 
more to build up the things of the country which are 
needed and which ought to be built up. And I congratu- 
late myself that I am a member of the Institute, and that 
I have the high privilege of coming into communication 
with such men as we meet twice a year. 

The Secretary has some announcements to make. 

Whereupon Secretary McCleary made certain an- 
nouncements, and the meeting was adjourned until two 
o’clock P. mM. 


GENERAL PRINCIPLES OF THE CONTROL OF 
PIPING AND SEGREGATION IN STEEL INGOTS 


Henry M. Hower 


Professor of Metallurgy, Columbia University, New York City 


This paper explains the more important elementary 
principles by means of which piping and segregation in 
steel ingots may be lessened. Many of these principles I 
have verified by means of direct unpublished experiments. 
Yet the subject is so complex that I may have overlooked 
others. Hence my inferences are provisional, and subject 
to control by direct tests. 


Prema. 


The reason why the axial cavity or pipe forms is that 
during the latter part of the solidification the inner parts 
of the ingot are contracting faster than the outer parts. 
The relative rates of contraction of the outer and inner 
parts therefore govern the whole matter. These rates 
of contraction represent roughly the corresponding rates 
of cooling, and it is by studying these rates of cooling that, 
we can best understand the matter. 

When a mass of molten steel is poured into a eold 
metallic mould, its skin begins cooling very rapidly by 
the escape of its heat into the mould walls, whereas the 
cooling of the interior is much slower, because the heat 
that escapes thence must pass chiefly through the still hot 
outer walls of the ingot. As soon as a continuous outer 
crust has formed on the top as well as the sides, two parts 
may be recognized, the outer and solid parts, containing 
what we may call a cave, still filled with molten steel. 

During the early part of the solidification, because the 
outer parts are cooling faster than the molten interior, 
the dimensions which they tend to give the cave are 
smaller than the volume of the metal which that cave has 
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to contain, quite as when a hot tire is shrunk on a wheel 
the dimensions which it tends to give the space within 
it are less than those of the wheel. Because the molten 
within the cave, like the wheel within the tire, is incom- 
pressible, it resists the natural contraction of its walls 
and in effect stretches them in the sense in which the 
wheel stretches the tire, preventing it at every degree 
of temperature in the cooling from contracting to the 
natural dimensions which it would have reached if 
unopposed. 

But this cooling of the outer parts cannot continue 
indefinitely to be faster than that of the interior, because, 
both starting at the same temperature, say 1500°, and 
cooling to the same temperature, say 0°C, have the same 
temperature range to pass through, and towards the end 
of their cooling, when the centre has sunk to say 100°, the 
outer parts are but little cooler than the central ones. 
Hence because the outer parts cool faster than the inner 
at first, they must needs cool less rapidly than the inner 
parts later on, and at some moment in between the rate 
of cooling of the outer and of the central parts must be 

identical. We may call this the neutral moment, and the 
periods which precede and follow it the pre-neutral and 
the post-neutral ones, respectively. During the whole of 
the pre-neutral period, because the contraction of the 
outer parts tends to be more rapid than that of the central 
ones, the outer parts are being stretched by the resistance 
of the slower cooling central parts, but this rate of stretch 
decreases continuously till, at the neutral moment, it 
becomes zero. At this moment, as at every preceding 
one, the dimensions of the cave exactly fit those of the 
molten, because the molten in resisting the pressure of 
the walls of the cave has stretched them out to its own 
volume. 

But the excess of contraction of the interior of the 
ingot over that of the shell from the neutral moment on 
gives rise to a void which at every instant is equal to that — 
excess. Where will this void lie? 
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Tue Top or THE Pree ReprEsENTS THE TOP oF THE MOLTEN 
AT THE NEuTRAL Moment. 


If Fig. 1 represents a cube of molten steel in an iron 
mould losing heat equally in every direction, then the 
concentric squares F', EF’, F", ete., are isotherms. One 


Wig. 1. Vertican Secrion THRouGH A SoLIpIryING STEEL CUBE. 


Metal Solidified in the Pre-neutral Period MMs 


Metal Solidified Between the Neutral Moment and the Period Represented 
by the Sketch sss 


Metal Still Moltenwyy 


Norn ro Fic. 1.—The top of the pi 
5 : e pipe b'b corresponds to the upper ¥ 
aigieon Fhe Abe moment. With uniform heat escape, and wader ptenin aber ee 
’ om of the pipe should be at the centre of gravity, but for Sagging. 
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specific isotherm concerns us greatly, that of the freezing 
point, assuming for simplicity that the metal has a definite 
freezing point instead of a freezing range. This we may 
eall the tectotherm. During the pre-neutral period the 
tectotherm coincides at every instant with the top, bottom, 
and sides of the cave, which are also those of the molten. 
Let cube F™ of Fig. 1 represent the tectotherm and 
hence the outline of the cave at the neutral moment. 
Clearly the deficit of contraction of the interior compared 
with the exterior, a deficit which begins with the post- 
neutral period, or in other words the shortage of the 
molten compared with the volume of the eave, will hence- 
forth prevent the top of the molten from reaching quite 
to the top of the cave, with the result that, a few moments 
later, a thin flat void will exist, such as is shown just 
below the top of cube F. This void, which is the begin- 
ning of the pipe, will persist.* In order to show it I have 
to give it a visible thickness, such as it will reach shortly 
after the post-neutral period begins. But its very in- 
cipiency occurs at the neutral moment, and by parity of 
reasoning, its incipient width, that is its width at its very 
top, is that of the top of the tectotherm at the neutral 
moment, which is also that of the molten then, Q. E. D.t 


*The slight, narrowing, due to the linear contraction of the solid metal 
from the freezing point down, need not here be considered. 


+ That the inner part of the walls should be contracting more rapidly than 
the outer part at the relatively early stage in the solidification at which the 
pipe begins forming may surprise us. Perhaps an easier way of understanding 
this is to conceive the thermal gradient as extremely steep at the beginning of 
solidification, and as nearly flat when cooling is nearly complete, and thence 
to infer that its steepness decreases continuously from the beginning, or at 
least from very early in the solidification to the end of cooling. But a flatten- 
ing of the thermal gradient means that the outer parts are cooling more slowly 
than the inner. 

A more accurate but more complex picture is that, because they are in- 
tegrally united, the various concentric layers which make up the already 
solid walls, are striving against each other because of their different rates 
of cooling. This struggle will go on with varying resultants, but with the 
general result that the progressively firmer outer parts resist to ever better 
advantage the tendency of the faster cooling inner parts to drag them inwards. 
This result in time brings on the neutral moment when the actual inward 
travel of the inner face of the walls ceases to exceed the shrinkage of the 
molten caused by the continuous transfer of its particles to those solid walls. 

The special properties of iron, such as its marked expansion in cooling 
through the transformation range, offer themselves as tempting explanations of 
why the pipe forms, that is why the volume of the cave begins at the 
neutral moment to exceed that of the molten, thus giving rise to the void 
or pipe. But this temptation is to be resisted, not so much because this ex- 
pansion is a wave which passes through from crust to centre, and hence ex- 
plains that exceeding only lamely, as because the pipe forms in the solidifica- 
tion of so many different kinds of substances, which undergo no corresponding 
transformation after solidifica‘ion, 
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Tue Wipru or THE Pier av Every Lever Is trae Wits oF * 


THE Top or THE MottEN WHEN at THat LEVEL. 


At this moment the width of the top and of the bottom 
of the void are practically the same. As freezing pro- 
ceeds, the continuing deficit of contraction of the interior 
compared with the exterior leads to a continuous increase 
in the volume of the void. Its top will remain that with 
which it started, and its bottom will be the surface of the 
molten at each successive instant. To trace the position 
of this bottom accurately would carry us too far, but to 
fix our ideas we may imagine that the increase of volume 
of the void just keeps pace with the thickening of the 
walls, so that when, in the course of solidification, the 
walls and bottom of the cave have become those of cube 
Ft, the top of the molten will have sunk so as to coincide 
with the top of F™, and that the same holds true of cube 
I'v, The width of the pipe at each level will be the width 
of the cave at that level at the moment when the surface 
of the molten is at that level, and hence under our present 
assumptions, will at stages F™ and F"Y coincide with the 
width of cubes F™™ and F'Y. Hence after solidification is 
complete, the outline of the pipe will be represented by 
the lines bede, b'e'd'e, an inverted cone with its apex at 
the centre of gravity of the whole, and its base where the 
top of the tectotherm was at the neutral moment. 


To Ratst roe IsorHerms RatsEs THE Pier, 


Though the foregoing assumptions are not accurate, 
they suffice to show us that the position of the pipe de- 
pends on the successive positions of the isotherms, of 
which the tectotherm is but one. Hence the inference 
that to raise the isotherms raises the pipe. In particular 
to raise the position which the tectotherm occupies at the 
end of solidification is to raise the bottom of the pipe, and 
thus to reduce the discard needed for removing the pipe. 
But to raise the isotherms is only a philosophical way of 
saying that the cooling of the top should be made to lag as 
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tions are not so unfavorable to narrow-top castings 
in actual practice, because here the narrow-topped ingot 
does not in addition have its apex chilled by the contact 
of the mouid and its base warmed by that of a body of 
hot metal below. But for gravity and for the exposure 
of the top to warm air instead of to the cold stool, the 
pipe might be expected to be as much below the centre of 
gravity im a narrow-topped ingot as it is above that of a 
wide-topped ingot. But in lifting the pipe, gravity moves 
it exclusively up and away from the centre of gravity of a 
wide-topped ingot, whereas in a narrow-topped one part 
of this lifting effect of gravity is consumed in bringing 
the pipe from below up to the centre of gravity, and only 
the residue is available for lifting the pipe above that 
centre. 

The massing of metal at the top of a wide-topped 
ingot clearly favors sagging and the resultant raising of 
the pipe. 

Top Heating, which in effect raises the isotherms by 
retarding the cooling there, may be brought about by 
means of a coke, gas, or other fire, by electric heating, or 
by pouring on molten slag. Hadfield’s process for pre- 
venting the heating agent from carburizing the upper 
part of the steel by interposing a slag buffer is important. 
- Remarkable results are rumored to have been reached by 
covering the top of the molten metal with graphite, which 
should earburize the metal there, lower its freezing point, 
and thus prolong the period during which it remains 
fluid enough to sag and feed the pipe. 

Top Insulation, which raises the isotherms by retard- 
ing the escape of heat from the top, may be effected by the 
use of clay or other non-conducting prolongations of the 
mould, which may be preheated as in crucible practice, 
thus adding top heating to top insulation, or by coke, 
elay, or other coverings, cold or hot. Indeed most of 
these steps do both. Gathmann’s moulds, thicker below 
than above, in a sense cause top insulation, in that they 
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remove heat less rapidly from the top than from the 
bottom. 

Open Top. The usual practice of either covering the 
upper surface of the ingot with sand or other insulating 
material or leaving it open to the air, is in effect a form 
of top insulation, for the escape of heat is less rapid into 
the sand or air than into the cold iron mould walls. 

Top Replenishment, by adding molten steel towards or 
after finishing the pouring of the ingot proper, both helps 
directly to fill the pipe, and also gives top heating. 

Slow Pouring is a very cheap and effective mode of 
replenishment. Clearly, retarding the pouring raises the 
isotherms by heating the top while the lower part is losing 
heat rapidly into the mould walls. Slow pouring is thus 
in effect a kind of top heating. I have found that by 
pouring very slowly from a heated ladle I could efface 
the pipe completely under conditions which otherwise led 
to a very deep pipe. 

Bottom Powring, for like reasons, tends to deepen the 
pipe, by adding fresh hot metal to the bottom of the ingot 
even after most of it has been poured and has started to — 
transmit its heat into the mould walls. It thus lowers the 
isotherms and with them the pipe. 

Sink Heads act through top replenishment, top heat- 
ing, and in a sense through slow pouring. They feed 
down as fast and only as fast as the pipe tends to 
form. 


Pier Fitting CHier.y FROM BEtow. 


The slower contraction of the outer than of the inner 
parts of the solid walls during the post-neutral period 
may be prevented or cured foreibly by mechanical com- 
pression after many different methods, by compressing 
the ingot lengthwise in Whitworth’s way, with perhaps 
the maximum pressure requirement; or by driving the 
ingot as a tapered plug into a tapered hole as in Harmet’s 
way; or by pressing in one of its flat sides in S. T. Wil- 
liams’ way, with perhaps the minimum of pressure; and 
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in any one of a dozen other conceivable methods. Except 
in the case of very large ingots mechanical compression 
often seems like doing by brute force what could be done 
by finesse, by planning the thermal conditions. Compres- 
sion generally has to be postponed till after the solidifica- 
tion has progressed far, when it has to overcome very 
great resistance from the already solid walls of the ingot. 
great resistance from the already solid walls of the 
ingot. 
Pier Finurne sy Means or BirowHo.es. 

The commonest method of all is to limit carefully the 
killing of the molten steel so that it will evolve gas rather 
late during solidification, and therefore cause blowholes 
which are deep enough not to oxidize. In effect these puff 
up the inner parts of the already solid walls, and thus 
cancel their tendency to cause a pipe by contracting more 
slowly than the outer parts. This effect can be traced 
in Fig. 4, in which the abundance of the blowholes has 
reduced the pipe, P, to its relatively small size. Not 
only the white vermicular spaces at the right but also 
most of the light gray ones there are blowholes, whereas 
the darker gray ones on the left are segregates, ap- 
parently blowholes into which segregate has been squeezed 
after their formation. The volume of the blowholes can- 
not be regulated closely, and hence it is usually restricted 
so that it is too small to close the pipe completely. In 
this case it is an incomplete remedy of one defect at 
the cost of introducing two others, the blowholes them- 
selves and the segregation which they induce, as ex- 
plained below. Moreover, blowholes are spaces into which 
minute pocketfuls of local segregates can be squeezed, 
by the pressure generated spontaneously within the ingot, 
thus forming masses so large that their diffusion is far 
less complete than it would have been had they remained 
in their initial inter-dendritic positions. In the case of 
basic open-hearth boiler-plate ingots these defects are 
relatively harmless, because the blowholes weld readily 
in this low-carbon metal, and because it is so pure that 
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its segregation is not serious, the segregate being buried 
away in the middle of the plate, both at the neutral axis 
and away from corrosion. 

In general to prevent piping by creating blowholes 
seems the least intelligent though often much the cheapest 
method. In the case of the higher carbon steels and the 
alloy steels it is hardly to be considered, because here the 
blowholes will not weld. We may question whether it is 
consistent with proper regard for the lives of travelers to 
tolerate this practice in making rail ingots. 

Of the various deoxidizing additions for preventing 
blowholes, by removing the oxygen which otherwise would 
combine with the carbon present to form carbonic oxide 
gas, that would seem the best which, while deoxidizing the 
metal thoroughly, yields a fusible or rather a coalescing 
slag which will swim to the surface and escape. The com- 
position of the resultant slag must needs vary, for any one 
kind of addition, with the quantity of oxide to be re- 
moved, which in turn must vary from heat to heat. Di- 
rect experiments are needed urgently to show what 
combination of these additions will, under the probable 
range of oxygen content of the metal, yield the most 
thoroughly self-expelling slag. The thoroughness with 
which blowholes, and their result, segregation, have been 
suppressed in this or that heat by one or another deoxi- 
dizer is weak evidence. I have heard of no attempt to 
make the needed experiments intelligently. 


THe Rate or Sormtrication. 


The formation of the pipe being due to a difference 
between the various layers as regards their rates of con- 
traction, none could form if there were no such difference, 
and its volume and depth must clearly decrease as this 
difference decreases, being for instance much less when 
a wide ingot solidifies in a soaking-pit than when a 
narrow one solidifies in a strong winter’s wind. Rapid 
solidification increases the formation of blowholes, as is 
shown by the great excess of those in the right hand or 


Fig. 4. 

The pipe is lessened by blowholes, and with the segregate lies on the 
slower-cooling side of the casting. Rapid cooling exaggerates the 
blowholes. 

Sulphur print of a casting of wild steel, with its left side cast against 
sand, its right against a chill. 
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chilled side over those on the left hand or slowly cooled 
side of casting C, Fig. 4. 


SEGREGATION. 


Solidification is a process of differentiation. The 
carbon content of the particles of solid metal which first 
deposit on the sides of the mould is only a certain fixed* 
percentage of that of the molten out of which they de- 
posit. So with the phosphorus and sulphur. They may 
here be left out of account, because what is true of carbon 
is true of them. Because this process enriches the molten 
progressively, and because the carbon content of the solid 
particles deposited at any instant is proportional to that 
of the molten out of which they deposit, the carbon con- 
tent of the successive solid layers as they deposit in- 
creases progressively from beginning to end of the solidi- 
fication. Hence the successive positions of the tectotherm 
are recorded permanently by successive lines of nearly 
equal carbon content, or isocarbs, the earbon content 
being smallest at the outer crust and greatest at the last 
solidifying point.. 


THE ONION anp LaNnDLOCKING Types or SouipiFication. 


The condition just described assumes that the sue- 
cessive layers which deposit are smooth and concentric, 
cr at least co-axial with the mould, like the layers of an 
onion. But instead landlocking solidification may occur 
by the inshooting of pine-tree growths from the sides. 
The interlacing boughs of these pine-trees landlock the 
metal, so that the progressive enrichment, instead of be- 
ing from the.outer crust of the ingot as a whole to its 
axial last freezing point, is from surface to centre of 
each one of these little pockets. 

Even in this case there is some concentration of ear- 
bon from the outer to the last freezing parts of the ingot 
as a whole, but the concentration is much less than in the 


.* Fixed for given carbon content of the molten. As this content varies, the ratic 


which it bears to the carbon content of the depositing layers varies slightly, but not 
to a degree that concerns us here. 
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onion type, a large part of the carbon which in the onion 
type is crowded progressively to the last freezing axial 
point being locked up locally in these little pockets. 

We may surmise that the columnar outer part of the 
ingot has solidified pine-treewise, and the granular inner 
part onionwise. When the pine-tree type is replaced 
thus at the end of the columnar region by the onion type, 
the type of segregation changes with it from being local, 
little pools of molten concentrating their carbon into their 
own little centres, to being general, the mass as a whole 
henceforth concentrating its carbon towards its last freez- 
ing part in the axis of the ingot. This implies a sudden 
increase in the thoroughness with which the carbon is 
moved towards the last freezing part of the ingot as a 
whole and away from these layers now solidifying. Hence 
arises what is often called negative segregation, which 
means only that the impoverishment of these relatively 
early freezing layers is no longer interfered with by local 
retention of the carbon in little pine-tree pockets, so that 
as we pass horizontally in the lower part of the ingot from 
the columnar region into the granular part, the carbon 
content decreases, and sometimes very considerably. 

The landlocking type of solidification and segregation 
should yield greater homogeneousness, first because it 
lessens the axial enrichment, and second because its local 
variations in carbon cover such small distances that they 
are readily effaced, or at least greatly lessened, by diffu- 
sion aided by the kneading of rolling and forging. 


LESSENING SEGREGATION. 


The most effective means is quiet, probably because 
this leads to undercooling and hence to the pine-tree land- 
locking type of solidification, as explained in the discus- 
sion of Mr. Kenney’s paper* at our last meeting. The 
‘boiling caused by the rise of part of the gas of which 
the remainder causes blowholes is the greatest disturber 


* Edward F. Kenney, The Commercial Production of Sound and Homogeneous Steel, 
Proceedings of the American Iron and Steel Institute, May, rors. 
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of quiet, and hence wildness is the greatest aggravator of 
segregation. In most cases the rational procedure is to 
quiet the steel completely so as to prevent blowholes, and — 
thereby to lessen segregation, and in addition to prevent, 
in the ways sketched above, the pipe which the absence of 
blowholes tends to cause. The effect of quiet is illustrated 
by a comparison of the quiet steel of Fig. 3 with the wild 
steel of Fig. 4. Though each of the pyramids of Fig. 3 is 
about thrice as large as the prism of Fig. 4, the volume 
of the segregate in the latter seems larger than in the 
former. An examination of casting A of Fig. 3 shows 
its fine colonial dendritic structure, with little local segre- 
gates landlocked between the trunks and branches. 
Probable additional means of making the solidifica- 
tion landlocking, and thereby lessening segregation, are 
to induce rapid solidification by means of a casting tem- 
perature so low that the mould walls store up but little 
heat before the metal begins solidifying; casting in mas- 
sive cold moulds which remove the heat rapidly; casting 
in narrow ingots which cool rapidly; and early stripping. 
Of course to hasten solidification is to deepen the pipe. 


PosrvtioN OF THE SEGREGATE. 


We have seen that at every stage during solidification 
the existing bottom of the void or pipe is the existing 
upper surface of the molten. 

This is true also of the last stage of solidification, when 
the molten is reduced to its last drop. With the freezing 
of that last drop the bottom of the pipe becomes the bot- 
tom of that drop. Because that drop is the final product 
of the continuous process of enrichment, it is the richest 
spot of all. Hence the richest spot lies at the bottom of 
the pipe, for instance just below that of casting A of 
Fig. 3. The segregate can be seen massed below both the 
pipes of casting B of Fig. 3. 

This inference is supported by the eccentricity of the 
segregate in casting C, its following the pipe to the slower 
cooling side of the ingot. 
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Vertical section through the mould for the steel casting shown in Figs. 2 
: ; and 3. 
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The position of the segregate with regard to the pipe 
bottom may be modified by various minor conditions. 
After solidification is complete the sides of the pipe may 
sag down enough to cover the richest spot with a con- 
siderable layer, especially if the cooling is very slow and 
the opportunity for sagging is therefore long. Or that 
drawing apart of the inner parts of the ingot which caused 
the pipe during solidification may continue after solidi- 
fication, and thus split apart the solid metal below where 
the bottom of the pipe lay at the end of solidification, and 
so prolong the pipe below the richest spot, which will then 
be found on the walls of the pipe, and thus higher up 
than its bottom. 

Because the position of the segregate is affected less 
than that of the bottom of the pipe by the swimming of 
the void and by sagging and tearing after the end of solidi- 
fication, it follows the isotherms even more docilely than 
the pipe does. Thus in casting B of Fig. 3, while there 
is indeed segregate just below both the pipe bodies, yet 
there are other masses of it even lower down than the 
bottom of the lower pipe. Part of the segregate indeed 
forms a layer stretching across most of the lower edge of 
this casting. We may surmise that this was the very last 
part of this casting to solidify, and that the higher posi- 
tion of the pipe than of the segregate is due to its swim- 
ming upwards through the viscous metal. 

The high position of the segregate is often thought 
to be due to the lightness of the segregating elements, 
carbon, phosphorus, and sulphur. But its position is 
governed primarily by the contours of the isotherms, as is 
shown by its being near the bottom of casting B but near 
the top of A, just below the pipe bottom in each, though 
these were cast simultaneously from the same ladleful. 
This is shown also by its being at the right-hand side in- 
stead of at the axis of casting C. 


Lirrorat Convection. 


But lightness probably contributes, The splitting-up 
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of the layer in the act of solidifying into a fraction poorer 
in carbon which solidifies and one richer in carbon which 
remains mc!ten, makes the layer of the molten along the 
walls of. the eave richer in carbon than the average of 
the molten, and because richer lighter. Hence arises an 
upward convection current of the local layer thus en- 
riched, along the walls of the cave, leading to a certain 
degree of stratification, the lighter and richer parts yield- 
ing readily to this upward convection, but offering a 
moderate resistance to any corresponding downward 
convection. 

Any evolution of gas in the molten metal occurs at 

these same walls, and the rise of this gas in small amounts 
helps this upward convection. It may be for this reason 
that the upward concentration of the segregate is so 
marked in the casting of Fig. 4, which formed many blow- 
holes, whereas those of Figs. 2 and 3 formed none. 
_ Littoral convection increases upper-axial segregation 
in an additional way. Because the carbon content of the 
solid particles which deposit on the sides of the cave in- 
creases with that of the molten out of which they deposit, 
this lifting of the enriched shore-layers of the molten, 
in that it correspondingly lessens the carbon content of 
the molten out of which the next succeeding solid particles 
will deposit on the lower part of the walls of the cave, 
lessens their carbon content, too, while enriching corre- 
spondingly those next to deposit on the upper part of 
those walls. (Applause.) 

PrREsIDENT Gary: Discussion by Mr. E. F. Kenney, of 
the Cambria Steel Company. 


GENERAL PRINCIPLES OF THE CONTROL OF 
PIPING AND SEGREGATION OF STEEL INGOTS 


Discussion By Epwarp F. Kenney 
Metallurgical Engineer, Cambria Steel Company, Johnstown, Pa. 


Dr. Howe has given us an explanation of many of 
the features which we have observed in the cooling of 
ingots, and in the main this reasoning is corroborated 
by our observations. His analysis of the influence affect- 
ing tlie relation of the solid and molten portions of a 
cooling ingot is most interesting, but his statement that 
during the whole of the preneutral period (7. e., the period 
during which the outer parts cool faster than the inner), 
the contraction of the outer parts tends to be more rapid 
than that of the central ones, is not necessarily true. 
It would depend on the relative coefficients of contraction 
of the two parts. The outside walls might be cooling 
much faster than the molten interior, but if the coeffi- 


cient of contraction of the molten metal were sufficiently: 


great, its shrinkage might be much greater than the con- 
traction of what Dr. Howe has ealled the cave. That 
this is what actually oceurs is indicated by observations 
on sink-head ingots of thoroughly deoxidized steel, which 
have been kept open on the top. Instead of the molten 
metal rising in the sinkhead, as would be produced if 
the contracting walls reduced the volume of the cave 
faster than the volume of the contained metal was re- 
duced by shrinkage, there is a continuous lowering of 
the level of the molten metal. 

This seems to be characteristic of all ingots east from 
killed steel. In these the pipe cavity extends practi- 
cally up to the top of the ingot, indicating that the 
shrinkage of the molten metal is greater than that of 
the cavity containing it practieally from the time of 
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casting. In ingots cast from steel which is not thor- 
oughly deoxidized, and in which consequently there is 
an evolution of gas, forming blow holes, we have ob- 
served a condition similar to that described by Dr. Howe, 
and a considerable zone of solid steel is found between 
the top of the ingot and the top of the pipe cavity. In 
these cases, however, the metal continues to fill the cav- 
ity, not because the cavity is being reduced by a shrink- 
age of the walls, but because the volume of the molten 
metal is being increased by the formation of blow holes 
within it. 

There is just one other point on which I am not con- 
vineed by Dr. Howe’s reasoning. This concerns the 
effect on segregation of the upward currents caused by 
the gas bubbles in a rising steel. 

In my judgment this is a very important factor in 
the intensifying and localizing of segregation. When 
lively steel is poured into an ingot mold, there is a very 
rapid evolution of gas which causes an intense boiling 
in the mold. There can be little doubt that this violent 
boiling does keep the mefal thoroughly mixed, but as 
the steel cools, the amount of gas evolved gets very 
much less. A few bubbles rise in the steel, generally 
along the edge of the freezing metal, bringing up with 
them metal which is so near its temperature of solidi- 
fication, that it can be seen to freeze almost immediately 
after being ejected from the little craters which are kept 
open in the top of the ingot by the escaping gas. It is 
at this stage that the segregated metal is brought to 
the top of the ingot, and there is not sufficient down- 
ward current to overcome the tendency of the lighter, 
more segregated metal to remain at the top after being 
brought up. The marked segregation found in the zone 
of the deep-seated blow holes when they are present in 
considerable numbers, is strongly corroborative of this 


theory. (Applause.) 


GENERAL PRINCIPLES OF THE CONTROL OF 
PIPING AND SEGREGATION IN STEEL INGOTS 


CoMMENT oF Proressor Hower, Fruep Arrer MEETING 


The last paragraph but one of my paper shows that I 
am in general agreement with Mr. Kenney as to the rais- 
ing effect of a gentle evolution of gas on the segregate, 
but his words indicate that he refers a greater fraction 
of the total raising influence to this gas than I do. The 
enrichment of the zone of the deep-seated blowholes does 
not seem to me to bear directly on this question if, as indi- 
cated in the section headed ‘‘Pipe Filling by Means of 
Blowholes,’’ this local enrichment represents the filling 
of certain blowholes with molten squeezed from between 
the neighboring pine-tree trunks by pressure arising after 
the blowholes have formed. | 

It seems to me difficult to determine what fraction of 
the elevating action is due to rising gas, and what to the 
other causes, to the contour of the isotherms, and to the 
littoral convection due to the enrichment in carbon, and 
consequent lightness of the littoral metal, by the differ- 
entiation which occurs in solidification. It is difficult to 
determine this fraction, because the formation of blow- 
holes increases the segregation in a wholly distinct way, 
by preventing undercooling and in general changing the 
type of solidification. 

Mr. Kenney’s other point is perfectly well taken. — It 
is not the rates of cooling of the various parts, but the 
relation between their rates of contraction, that deter- 
mines the arrival at the neutral moment. This relation, 
while governed in large part by the ratio of the rates of 
cooling of the various parts, is governed also in part by 
the ratio of the coefficients of contraction of those parts. 
If the coefficient of the molten is far greater than that of 
the solid, that would help to explain the surprisingly early 
stage of the neutral moment. The bridge which covers 
the pipe in crucible steel ingots is often so thin as to re- 
inforce the cases which Mr. Kenney cites as showing the 
earliness of the neutral moment 
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One hesitates to attribute a great influence to a differ- 
ence between molten and solid as regards their coefficient 
of contraction, first, because this influence must be as the 
product of this difference into the range of temperature 
through which the molten cools during its solidification 
after the outer crust of the walls has formed, and second, 
because this surprising earliness of the neutral moment 
occurs also in cases in which the metal when cast is only 
very slightly above its freezing point, or more accurately 
its liquidus. With this range as the multiplicand one 
hesitates to ascribe to the difference in coefficient of con- 
traction as multiplier a value great enough to yield an 
important product. 

Nor do we find an easy escape from the difficulty by 
supposing that the metal contracts greatly in passing 
from the molten to the solid state, in view of the persis- 
tency with which cold masses charged into nearly dead- 
melted open hearth steel swim on the surface. Here the 
evolution of gas, which might explain the floatation on 
oxygenated molten metal, hardly suffices. The difficulty 
is increased by the fact that such a pipe forms, and, as 
far as my observation goes, in such a position as to point 
to a surprisingly early neutral moment, not only in steel 
but in other metals and in many other substances. 

Mr. Kenney points out privately that many present 
eareful specifications conform with the common and rea- 
sonable belief that bottom pouring tends to lower the pipe 
and the segregate, for the reasons which I give, by calling 
for a much larger top discard from bottom than from 
top-cast steel. This disadvantage of bottom pouring may 
often be outweighed by its advantage of giving a smoother 
skin, by avoiding the spattering incident to top pouring. 


Preswent Gary: If there is no further discussion, the 
next subject to be presented is ‘‘The Mechanical Develop- 
ment of Sintering of Iron Bearing Materials,’’ by 
Bethune G. Klugh, Chemical and Metallurgical Engineer, 
American Ore Reclamation Company, New York City. 


THE MECHANICAL DEVELOPMENT OF SINTER- 
ING IRON BEARING MATERIALS 


BetHune G. KiuGH 


Field Manager, American Ore Reclamation Company, 
Pittsburgh, Pa. 


In considering the problem of sintering, it was early 
demonstrated that certain essential features of operation 
must be determined and maintained constantly under 
control, in order to produce maximum quality and quan- 
tity of sintered product. 

The requirements include: 

(1). Maintenance of accurate and uniform proportion- 
ing of the various materials which make up the sintering 
mixture; 

(2). Maintenance of homogeneous mixing of these 
materials ; 

(3). Accurate proportioning and mixing of the water 
required to be added for producing the ideal moisture 
content for a sintering mixture; 

(4). Delivery of the sintering mixture to the sintering 
device so as to permit the most permeable and homo- 
geneous bed over the entire hearth area, and a readily 
adjustable depth of charge to that which proves most effi- 
cient for the specifie material treated ; 

(5). Ignition of the surface of the sintering charge 
with proper and uniform intensity over the entire surface ; 

(6). Exhausting the waste gases so as to conduct 
through the interstices of the charge the largest volume 
of air that can be usefully applied, but so as to avoid an 
excessive pressure which would compact the charge and 
thus reduce its permeability, 

The purpose of this paper is to describe the mechani- 
cal improvements that have contributed to the progress 
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made in sintering iron bearing materials by the Dwight 
and Lloyd continuous process. 

The above mentioned features are those which apply 
to the sintering operation itself, and each one is attained 
through mechanical means. In addition to these opera- 
tions, it is obviously essential that all the work of 
handling material and product to and from the plant be 
done efficiently and economically, in order that the opera- 
tion be commercial. 


Types oF SInTERING PLaANts. 


Two types of general arrangement of sintering plants 
have been developed: 

(1). That with storage bins placed on the ground, in 
which the proportioning of the sintering mixture is ef- 
fected, and the mixture then elevated. 

(2). That with storage bins elevated so that only one 
elevating operation is required, and all handling after 
proportioning 1s accomplished by gravity. 

While all elevating and conveying machinery is an 
item of expense as to maintenance, a certain amount is 
necessary in order that all the functions be most efficiently 
performed. Bucket elevators, inclined belt conveyors, 
grab buckets and skip hoists are all applicable to sinter- 
ing plant operation, depending upon local plant stand- 
ards and conditions. The types adopted should, of course, 
be selected by considerations in order named: 

(1). Efficient operation; 

(2). Low maintenance and operating costs; 

(3). Low installation cost. : 

The materials treated include flue dust, magnetic con- 
centrates, pyrites cinders, high sulphur magnetites, hema- 
tites, also plastic and hydrated ores. Regardless of what 
material it is purposed to treat at any particular works, 
it is not probable that this material will be treated ex- 
clusively throughout the life of the sintering plant. 
Therefore, it is necessary that the handling equipment in- 
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stalled be applicable to as wide a range of materials as 
it is possible to make it. 

One plant that was installed for the exclusive treat- 
ment of flue dust has in three years of its existence sin- 
tered and desulphurized, on a commercial scale, flue dust, 
magnetic concentrates, pyrites cinders and hydrated 
hematite ores. 


SCREENING THE MATERIALS. 


At the present time flue dust is the material which has 
the greatest sintering interest. Flue dust should be 
screened prior to sintering. The larger sizes of coke, that 
is, sizes larger than one-half inch, have no value as a 
sintering fuel, but have a value for other purposes when 
screened free from flue dust. All of the various types of 
screens on the market have been used for screening flue 
dust. The usual types of revolving and reciprocating 
screens have been somewhat disappointing. Perfectly 
dry flue dust as taken from the dust catcher can be effect- 
ively separated on almost any type of screen. However, 
it is essential to provide for the screening of stockpile flue 
dust, which is delivered to the sintering plant in a moist 
condition, usually with five to eighteen per cent. moisture. 

The American Ore Reclamation Company. has devel- 
oped a screen upon a somewhat novel principle, which 
screens flue dust of the above character and delivers over- 
size coke sufficiently clean for use as a blast furnace fuel, - 
and other purposes, according to size. 

The special characteristics of the’ sereen are its self- 
feeding and self-cleaning features. A modification of this 
screen has been installed at the Central Furnaces plant of 
the American Steel and Wire Company. Its arrange- 
ment, which was developed by the mechanical department 
of these works, is very ingenious, in that the flue dust 
is delivered to the screen directly as taken from the 
stockpile by the grab bucket. The advantages of this par- 
ticular arrangement are purely local, and in a new plant 
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Ita. 1.—Reciprocating self-cleaning flue-dust screen. 
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such a screen should be an integral part of the sintering 
plant, and should handle all materials. 

Figure 1 shows the reciprocating type. Figure 2 is a 
cut showing the Central Furnaces screen equipment. The 
principle of both is the same. In the type shown in 
Figure 1, cleaning fingers are reciprocated between sta-_ 
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Fic. 2.—Stock-pile flue-dust screening plant at Central Fur- 
naces, Cleveland. 
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tionary screen bars. The Central Furnaces type recipro- 
cates the bars between the stationary fingers. Its per- 
formance is very satisfactory. 

This type of screen is recommended for flue dust, but 
it is applicable to other materials requiring sintering. 
However, magnetic concentrates and pyrites cinders 
usually have been subjected to sufficient screening action 
in their production. The arrangement of each sintering 
plant should utilize local conditions to best advantage, but 
almost universally the material to be sintered should be 
screened prior to placing in the sintering plant bins. 

The screen may operate integrally with the bin-load- 
ing equipment with advantageous operating costs, but 
such arrangement is not essential. The proportioning of 
the various materials which enter the sintering mixture 
must be accurate in order that such proportioning be of 
any value. If an indeterminate quantity of oversize is 
screened out of any constituent after the proportioning is 
done, accuracy is impossible. 

Flue dust, as all experience shows, is about the most 
difficult material to handle. Its angle of repose has been 
said to be 0 degrees when dry and 90 degrees when wet. 
It was after considerable experience, under widely vary- 
ing conditions, that the screen above described was 
developed. 

It is, of course, desirable to take current make of flue 
dust direct from dust catchers to the sintering plant and 
thus eliminate the expense of unloading and eventually 
reloading at the stockpile. The great disadvantage in 
such procedure lies in the dust nuisance involved. Tt is 
practically impossible to handle dry flue dust in any 
plant without filling the atmosphere of the plant with 
dust, with its incident detriment to all operators and to 
the machinery. It is practically impossible to effectively 
moisten hot and dry flue dust by the usual means of a 
hose. A puddle of water may be placed on top of a car 
of hot flue dust and the material remain hot a foot below. 
The dumping together of wet and of hot flue dust has 


a“ 


SINTERING IRON BEARING MATERIALS—KLUGH 473 


often caused disastrous effects due to precipitating hdét 
dust upon workmen. 

The problem has been very satisfactorily solyed by 
the following procedure: The car of dry dust is dumped 
into a receiving hopper; the dust thrown into the atmos- 
phere from this dumping operation is considerable, but it 
is only momentary and is outside the plant. The material 
is then delivered to a screen and passed from the screen 
directly into a short pug mill and moistened. The feeders 


- from the receiving hopper as well as the screen and pug 


mill are wholly enclosed so that no dust is thrown into 
the surrounding atmosphere. The material leaving the 
short pug mill contains just sufficient moisture to prevent 
any dust being thrown into the atmosphere, and yet giv- 
ing it a free flow angle. The description of this detail 
may appear of a kindergarten nature, but the small 
operation described has satisfactorily solved the dust 
problem in some sintering plants. 


PROPORTIONING THE MATERIALS. 


In order that two or more finely divided solid ma- 
terials be accurately and continuously proportioned, a 
feeding device of simple, accurate and dependable char- 
acteristics should be provided. After trying a number of 
types and various modifications of these types, a modified 
form of the revolving disc feeder has proven satisfactory. 
The form finally adopted is shown in Figure 3. This 
feeder has the following desirable characteristics for this 
service: 

(1). Positive volumetric discharge from the bin; 

(2). By its motion it tends to make the bin discharge 

uniformly on all sides; 

(3). Subject to adjustment in two ways: 

(a) Height of discharge gate; 
(b) Speed of dise; 

(4). Mechanically simple, requiring only one bearing 

for support; 
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(5). Subject to multiple control, as any number of 
feeders may be geared together in positive operating 
unison; 


Fig. 3.—Revolving disc feeder. > 


(6). Very slow moving, which is conducive to lowest 
cost of mechanical maintenance. 
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Mixine Devices. 


For accurate mixing of the proportioned materials 
several devices are on the market. We have, however, 
developed a pug mill which handles and mixes any ma- 
terials satisfactorily, whether plastic or granular. All 
gears and bearings are made practically dust-tight; the 
wearing portions of the blades are changeable; with very 
slight expense and loss of time the shaft carrying the 
blades may be removed bodily without disturbing the 
bearings, and the bottom may be dropped for cleaning, 
while running. Thus for moderate expense a mixer em- 
bodying all desired characteristics can be provided. 

It is the custom in the design of our sintering plants 
for the pug mill to be placed immediately preceding the 
delivery of the material to the sintering machine. This 
permits immediate adjustment of moisture content of the 
sintering mixture. This is a most important factor in 
operation as a slight change in the physical quality of the 
material will require immediate adjustment of the moist- 
ure content of the mixture in order that the sintering be 
maintained at the highest degree of efficiency. With slight 
training an operator may note, immediately after the 
ignition, a change in moisture requirement of the sinter- 
ing mixture, and, by means of valves on the pug mill 
water supply, effect the proper adjustment of this item 
in five minutes of operation. 


DIstRIBUTION OF MaTERIALS ON THE HearTH. 


For making a perfectly uniform distribution of the 
mixture over the entire hearth area, we have tried out in 
actual practice a number of devices, too numerous to 
mention and not of present interest. The simple and 
effective swinging spout has solved the problem very 
satisfactorily. As the line of pallets moves in a continuous 
straight line, the swinging spout moving across this line 
of pallets, maintains the uniform deposition of the sinter- 
ing mixture. In this way changing continuously the direc- 
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tion of the entire stream gives uniform structure to the 
entire bed. ; 

When treating a highly variable material such as flue 
dust, it is necessary to change the depth of this layer from 
time to time, as changes in the characteristics of the flue 
dust demand. There is always some critical thickness of 
charge for any specific material at which the greatest 
quantity and the best quality of sinter is produced. The 
system of bins and proportioning feeders, mentioned be- 
fore, will readily strike the best average of the sintering 
mixture, when the material is fairly uniform, and hence 
the depth of charge can be held constant; but when flue 
dust is the material treated, it will be found to vary from 
day to day in fineness, so that the thickness of layer at 
which the best sintering is performed will vary fifty to 
one hundred per cent. Operators should watch carefully 
such changes and make necessary adjustments for the 
same. 

The super-hopper, which is above the pug mill, is in no 
sense an auxiliary storage, but is simply a feeder, the - 
function of which is to hold enough material to maintain 
the sintering layer at a given depth. In order to prevent 
_ undue surcharge in this hopper, which interferes with the 

regularity of feed, it is very essential that the quantity of 
material delivered to the sintering machine be exactly its 
capacity, under existing conditions, The feeder or group 
of feeders which deliver this sintering mixture must syn- 
chronize with the speed of the pallets. Obviously the 
solution of this requirement is to gear the feeders and the 
sintering machine together, The absence of any trans- 
mission elements conducive to slippage is desirable, be- - 
cause the synchronism must be positive in order to be of 
value. This arrangement is used where the sintering mix- 
ture is delivered to a Super-hopper after being propor- 
tioned, and where the moisture requirements of the mix- 
ture must be changed to conform to changes in the raw 


material. Flue dust is one material especially referred to 
in the latter statement. 
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Fig. 4.—Dwight and Lloyd sintering plant with elevated 
storage bins and automatic skip hoist. 
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Where the material to be sintered is of a homogeneous 
nature, such as ores or concentrates, the pugging may be 
done immediately following the proportioning feeders. In 
this case the super-hopper should be mounted directly 
above the sintering machine feeder, and the feeder is 
driven directly from the sintering machine gearing. This 
gives a very desirable arrangement in that the feeders are 
always in sight of the operator. 

Figure 4 illustrates a plant that is now being con- 
structed for the Toledo Furnace Company, Toledo, Ohio, 
in which elevated storage bins are located within the 
building structure and are filled by means of an automatic 
skip hoist. In this plant the feeders for proportioning 
the sintering mixture discharge directly into the pug 
mills; hence, they combine the functions of proportioning 
feeders and super-hopper feeders. It is necessary that 
these feeders maintain the desired proportions accurately, 
and at the same time be subject to positive synchronism 
with the hearth speed of the sintering machine. This is 
accomplished by using an adjustable speed motor which 
drives an adjustable speed counter-shaft. The sintering 
machine is driven directly from the usual constant speed 
pulley, and the feeders, in unison, driven from the ad- 
justable speed counter-shaft. The result of such arrange- 
ment is that when the various feeder gates are set to give 
a definite mixture, these proportions are maintained ac- 
eurately, while the volume is varied at will by decreasing 
or increasing the speed of the feeders as set. It is noted 
that this set of feeders are driven by a compact and simple 
set of gears, any one or more of which feeders may be 
stopped at will by means of individual clutches. The 
feeders will all synchronize with the speed of the pallets, 
while when desired they may have their speeds changed 
independently of the sintering machine. 


Proper Invrensiry or Ignition. 


The next function performed upon the sintering mix- 
ture is the ignition. This ignition must be of ample in- 


4 


SINTERING IRON BEARING MATERIALS—KLUGH 479 


tensity to positively ignite the entire surface of the 
charge and yet not so intense that it will dry out the 
charge. In the latter case the sintering mixture is pre- 
maturely dried and the sintering action retarded, with 
incidental curtailment of output. Occasionally materials 
are encountered which require only very light ignition in 
order to produce the greatest sintering speed, while other 
mixtures will give best results under an ignition so intense 
as to leave an incipiently fused surface on the charge. No 
phase of this sintering art has passed through so many 
vicissitudes as that of ignition. Starting with a light 
gasoline torch, on our initial plant, we have passed 
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Fic. 5.—Blast furnace gas ignition-burner. 
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through many types of burners employing fuel oil, kero- 
sene, bituminous coal, coal gas, natural gas and blast 
furnace gas. 

Figure 5 shows the ignition burner now in use, which 
fulfils all requirements for effective ignition, viz., ad- 
justability, durability and economy of fuel. The present 
burner is of a lower first cost than any of the previous 
types employed. It is interchangeable for natural gas, 
illuminating gas, blast furnace gas or fuel oil, simply by 
change of mixers. With this burner there was accom- 
plished the use of blast furnace gas as an ignition fuel 
with no mixture of other fuel whatever. Blast furnace 
gas has been used without any trouble or delay whatever 
for practically two years, effecting a very important 
economy in sintering. 


Exuaust Fans. 


Up to the present time the suction for sintering has 
been produced by means of exhaust fans. A number of 
different types of fans have been tried and are still in 
operation. Fan engineering being a branch in itself, in- 
volving the control of many variables, there will be no 
resumé here of the vast amount of technical data collected 
relative to this work. Fans of larger diameter with low 
speeds have given better results than smaller fans at high 
speeds. The type of fan now giving satisfaction and 
which is recommended for pending installations is about 
100 inches in wheel diameter, running at 600 to 720 R.P.M. 
and capable of handling about 20,000 ecubie feet of gases 
per minute. The continuous nature of the Dwight and 
Lloyd process maintains a constant load on the fan, which 
is decidedly advantageous to the use of fans of large 
capacity. 


Sizes or Sinrerinc Macutnes. 


The Dwight and Lloyd Sintering Machine is made in 
three sizes, to meet the varying requirements: 
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(i)smmall size .2.:.... 42 inches X 13 feet. 
(2). Intermediate size.. 42 inches X 25 feet. 
(3)c Large size... .. 60 inches X 30 feet. 
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Fie. 6.—Large Dwight and Lloyd continuous sintering 
machine. 


The small size can be converted into the intermediate 
size by simply lengthening it, if it becomes necessary to | 
make a larger output. This small size is designed for 
plants where the available material for sintering is from 
50 to 100 tons per 24 hours. The intermediate size, now 
in very extensive use, will provide a daily output of 100 to 
250 tons, depending upon the material treated. 

The anticipation of sintering some very large ton- 
nages of materials has shown the need for a larger size 
machine. A convenient and practical size which fulfils 
engineering requirements is the one shown in Figure 6. 
This machine has a hearth area 70 per cent. greater than 
the intermediate size and has a daily capacity of 300 to 
400 tons per machine, according to the material treated. 
The design of this machine is more simple and much 
stronger in its parts than the machines previously built. 

a These three sizes provide equipment for any capacity of 
sintering operation desired. 
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INcREASE OF OurrputT By AUXILIARY APPARATUS. 


The results of the careful study of all the details in- 
volved are shown in the fact that the original product per 
square foot of hearth area has been in some eases trebled. 
A sintering plant built for operation upon pyrites cinder 
had a capacity, based upon work done at the initial plant, 
of 75 tons per day per machine, but has now reached a 
production of over 200 tons per day per machine. An- 
other plant constructed for a capacity of 75 tons per day 
per machine from flue dust, is making an average of 170 
tons per day per machine. The first machine installed was 
of the same size as all of the machines now in use. In its 
first year of operation it scarcely exceeded an average of 
50 tons of product per day. After being re-equipped with 
auxiliary apparatus, as good as local conditions would 
permit, it now exceeds 150 tons of product per day, and is 
successfully treating ore carrying sulphur. Since the 
first installation of the Dwight and Lloyd machines for 
the treatment of iron bearing materials, four years ago, 
and without changing the size of the machine, its daily 
capacity has been increased over 200 per cent. and its 
ultimate capacity has not been reached. In existing 
plants there are noted improvements which can be made, 
and from which continued development is confidently 
expected. 


ADVANTAGE OF AppinG Frng OrE ro Mixture. 


The betterment of the finer grades of ores at existing 
mines is worthy of attention. Many of the Mesaba Range 
mines carry ore that is objectionably fine for furnace use. 
If these ores were mixed with flue dust, and the surplus 
carbon in most of the flue dust make, utilized for sinter- 
ing the finer ores, the cost of so treating the ores would 
be nominal. Take for example a supply of flue dust that 
carries a carbon content double the amount that is neces- 
sary for sintering, and assume that the quantity treated 
daily is 100 tons. To this flue dust could be added an 
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equal amount of fine ore and the total expenditure for 
sintering operations would be practically the same for 
treating 200 tons of the mixture as for 100 tons of the 
flue dust. The flue dust, being a waste product, requires 
a certain expenditure per ton to reclaim it as sinter, while 
the fine ore, being new material and costing the same per 
ton as first-class ore, can be converted into a product in 
every way as good as the most desirable ore, at prac- 
tically the cost of conversion assessed against the flue 


_ dust sinter alone. 


The sintering and desulphurizing of fine ores and con- 
centrates is daily opening into a wider field. The fear 
that with the development of the iron industry and the 
increased consumption of ore, that much leaner ores must 
be used, is obviated by the use of the sintering process. 
There is probably more metal disseminated through rocks 
carrying 35 to 40 per cent. iron than in the known rich 
deposits in this country, and this can readily be re- 
claimed. The concentration of these magnetic ores has in 
many cases produced a product which, while rich in iron, 
has also been so fine in size as to make it undesirable for 
blast furnace use; but the sintering of these concentrates 
converts them at low cost into a mass, cellular in struc- 
ture, rich in iron and highly desirable for blast furnace 
use. The relation of fine ores to sinter is best described 
as that of flour to biscuits, and in each case the treated 
product is more readily digested. The waste paint rock 
of the Mesaba mines, carrying 22 per cent. water, re- 
sponds readily to sintering and yields an ore with 52 per 
cent. iron. There is a large annual tonnage of burnt 
pyrites which can be converted by sintering into a valu- 
able ore, and when the copper is objectionably high, it can 
be leached out before sintering. It is evident, therefore, 
that the development of the sintering process secures to 
the iron industry a supply of rich ore for a long distance 
into the future. (Applause.) 


Presipent Gary: Discussion led by Mr. Robert E. 
Brooke, of the Brooke [ron Company. 


THE MECHANICAL DEVELOPMENT OF SINTER- 
ING OF IRON BEARING MATERIALS 


Discussion By Ropert E. Brooke 


Treasurer, E. & G. Brooke Iron Company, Birdsboro, Pa. 


My remarks on Mr. Klugh’s paper will be chiefly in 
confirmation of what he has said in regard to the ap- 
pliances which have increased the tonnage of sinter from 
iron bearing materials over the amount expected in the 
beginning. 

The first sintering plant for treating iron flue dust 
was built at our furnace at Birdsboro in the summer 
of 1911 and started its operation in October of that year, 
to sinter the flue dirt accumulation there. 

The machine was of the then standard size, 42” x 22’, 
and the tonnage hoped for was 75 to 80 tons per day 
of 24 hours, but not nearly this amount was reached, 
the average daily product being more nearly 40 to 50 
tons per day. For instance, in November, 1911, the aver- 
age amount produced per operating day was 50 tons, 
and in December 51 tons. In January, with 28 days run- 
ning, the output averaged 44 tons, which was good, con- 
sidering the winter conditions. In February we made 
41 tons per day. The best daily tonnage for the plant, 
reached 65 tons in the 24-hour run on flue dirt, but that 
was a high record. 

Mr. Klugh was in charge of these sintering opera- 
tions and the great variability in flue dirt composition 
and the other difficulties in mixing, feeding and igni- 
tion, were presented to him and largely overcome by 
his experiments at this plant. As we, of course, wished 
to increase our product of sinter, we took the matter 
up with the American Ore Reclamation Company, engi- 
neers, and at their suggestion, last winter, installed a 
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larger elevator, capable of carrying 300 tons daily, in- 
stead of 100 tons, which was the best the old elevator 
could do. We also put in a super-hopper, into which 
the present elevator feeds the material. This super- 
hopper holds about an hour’s run and its use tends to 
mix the material more thoroughly, and with the feeder 
at the bottom we obtain a good, steady layer of mate- 
rial running to the new double-shaft pug mill, which has 
a much enlarged capacity over the old one. From the 
end of this pug mill, the ore drops directly into a swing- 
ing spout, which gives it a much better distribution as 
it reaches the pallets. In the receiving hopper below 
this spout, a deflecting plate at an angle of 45 degrees 
breaks the fall, thereby preventing the packing of the 
material on the grates and sending the larger particles 
to the bottom of the layer on the pallets, leaving the 
fer on top. The finer material contains the finer par- 
ticles of carbon and makes uniform ignition more easy. 
We find it of advantage that as little material rest in 
this receiving hopper as possible. We formerly used 
fuel oil for ignition, but are now using illuminating gas 
and within the next week or so expect to use blast fur- 
nace gas. 

The above changes have enabled us to increase the 
speed of the moving pallets from about 12” per minute 
to 19” and 20”, and the thickness of our layer from 4” 
to 514”. Our fan has not been changed as yet, being 
the original 66” diameter wheel installed, but we have 
increased the speed from 700 to 900 revolutions per 
minute, which is about the limit of our motor. We have 
put in a new stack 150 feet high, to carry off the sulphur 
fumes. 

In this connection, it is only fair to say that we are 
not running at present on flue dirt, except as we use it 
in the mixture to give us the carbon required for sin- 
tering fuel. The sinter we are making is derived from 
a high-sulphur magnetic ore which we crush in a Bu- 
chanan crusher and in rolls and then pass through a 
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34” screen, the sulphur running over 3% in the crude 
ore and being reduced by sintering to a maximum of 
.21%. The sinter comes off the pallets in large cakes 
and seems to work very satisfactorily in the furnace. 
The sulphur can easily be reduced further by crushing 
the material finer, but the present content is not found 
to be objectionable in the furnace. 

The product from the sintering machine for the 11 
days from October 4th to 14th, inclusive, has been 134.8 
tons per day of 24 hours. We expect to make over 
4,000 tons this month. When we do not have enough 
flue dirt for admixture with the ore, we use screened 
coke dirt, the sintering mixture requiring only about 5% 
of fuel. We do not believe we would obtain this ton- 
nage when running on flue dirt alone, with our present 
equipment. 

To further increase our tonnage, we are about to 
install a new American Blower Company double-inlet 
fan, with a 100” diameter wheel, which is on the ground, 
because it seems clearly proven that larger tonnages 
are in proportion to the volume of wind. With this fan, 
we confidently look forward to obtaining 250 tons of sin- 
ter per day. When the fan is installed, we shall have 
to raise the sides of our pallets about 3”, which will 
enable us to use a thicker layer. 

In the summer of 1913, we saved up some of this 
sintered ore and made a test of a two weeks’ run on prac- 
tically 25% of the furnace mixture. As the sintered 
ore contained 55% iron, we decided to substitute it for 
the following ores: 


2/16 Old Range ore, running 48.47 
1/16 Coarse Mesabe ‘ 02.37 
1/16 Pt. Henry Con, * 65.00 


The Port Henry Concentrates brought the average 
iron contents of replaced ores up to 53.58%, which was 
of course 1.5% below that of the sintered material, for 
this 1/4 of the mixture, the rest of the mixture remain- 
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ing unchanged. For the four weeks preceding the test, 
the average fuel was 2,130 Ibs., railroad weights, ore 
yield 56.53%, product 6,833 tons of Basic iron, or 1,708 
tons per week. We started to put the sintered ore on 
the week of August 17 to 23, which is included in the 
last figures, as only 6.4% of sinters were used, in that 
one week. The following week, we had 21.44% of sin- 
tered ore on, replacing the other ores mentioned above, 
and our fuel per ton of iron was 2,080 Ibs., railroad 
weights, yield 59.40%, product 1,715 tons, and the week 
of August 31 to September 6, we had the full 25% of 
sintered ore on, and the fuel was 2,070, railroad weights, 
yield 58.64%, and product 1,707 tons. 

As mentioned above, the average actual yield for the 
four weeks preceding the test was 56.53% iron. With 
the increase in iron contents by putting on 4/16 of the 
mixture of sinter, running 55% iron, against the re- 
placed ores running 53.52%, the ore yield, increasing in 
about the same proportion, would have been 56.90%, 
whereas it actually went to 59.40% and 58.64%, respec- 
tively, for the two weeks of the test, closely approaching 
the theoretical yield, and showing that the Sinter had 
not blown out through the downcomers nearly as much 
as the replaced ores. 

At present, we have in our mixture: 


6/16. sintered ore; 

7/16 N. J. and N. Y. Magnetic ore; 

2/16 Manganate; 

1/16 Heating Cinder, mixed with a little roll scale. 


We have had this mixture on for about three and a 
half weeks. The first week mentioned, ending October 
2nd, we made foundry iron, 2X chiefly, and the fuel was 
2,207 lbs., railroad weights, yield 61.93%, and the prod- 
uct 1,589 tons. The second week mentioned we changed 
to basic, but the furnace being overblown during the 
early part of the week, made some white iron and the 
engine had to be pulled back. The product was 1,688 
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tons and the fuel 2,044 lbs., railroad weights. The fur- 
nace had received, however, some extra serap during the 
above two weeks. 

The third week, ending last Saturday, October 16th, 
the furnace steadied down on basic, making no misfit. 
Our fuel was 2,199 Ibs., railroad weights; our limestone 
was 29.3% of the ore. This ore mixture contained 
59.00% metallic iron. The actual yield was 58.59%, 
again approaching the theoretical yield. The furnace 
has been doing better work over the last ten days or 
more, the burden having been gradually increased from 
13,600 Ibs. to 14,800 Ibs., and at the same time we have 
gradually put our engine up from 19,500 eu. ft. to 20,750 
cu. ft. per minute, with increasing daily tonnages. Dur- 
ing the period mentioned, from October 9 on, the furnace 
has not been receiving any extra scrap, so it is evident 
our ores are staying in the furnace. . 

For the first four days of this week our product has 
been 252 tons per day, fuel 2,120 lbs., railroad weights, 
ore yield 58.40%, and stone 27% of ore. All the casts 
were standard basic iron. 

Our experience, thus far, with the sintering propo- 
sition certainly leads us to believe that the product is 
equal to that of a high grade ore. (Applause. ) 


Prestpent Gary: The discussion will be continued by 
Mr. H. A. Brassert, of the Illinois Steel Company. 


MECHANICAL DEVELOPMENT OF SINTERING 
OF TRON BEARING MATERIALS 


Discussion py Hermann A. Brasserr 


Superintendent Blast Furnaces, Illinois Steel Company, South 
Chicago, Ill. 


The paper just presented shows how many intricate 
problems may present themselves in the working out of 
a simple process, and gives a clear idea of the progress 
which has been made in developing the continuous down- 
draft sintering machine through carefully working out, 
step by step, all of the mechanical requirements of the 
process. Mr. Klugh and his associates are to be con- 
gratulated on their success and the state of perfection 
to which they have brought the Dwight-Lloyd method. 

Here, too, ‘‘ Necessity has been the mother of inver- 
tion.”’ Flue dust is, of all materials, the most difficult 
to handle, and on account of the low value even of the 
sintered product, the cost of treatment must be kept at 
a minimum in order to make the process commercially 
feasible. A number of processes have demonstrated the © 
possibility of agglomerating such materia] through sin- 
tering and making a product suitable for blast furnace 
use, and the sintering problem has resolved itself largely 
into one of cost of installation and operation. This in 
turn has narrowed the choice, at least for the sintering 
of fiue dust, down to two processes: the down-draft and 
the rotary kiln. Each has experienced variations in the 
mode of operation. In the case of the former we have 
witnessed the development of the continuous and the 
stationary methods; in the latter, that of the plain kiln 
with intermittent operation and of the kiln equipped with 
chain scraper, permitting of continuous operation, as 
well as the most recent invention known as the Downs 
Tuyere Process. 

My intimate practical experience has been with the 
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chain cleaned rotary kiln. The one at South Works of - 
the Illinois Steel Company was the first of its kind in- 
stalled, and has been successfully operated for the past 
ten years. 

Comparing the two processes, the down-draft process 
has the advantage of minimum cost of fuel and low ecst 
of installation. It uses no outside fuel except that for 
ignition, and depends on the carbon content of the dust 
' alone for the heat required to accomplish sintering. For 
that reason it is sensitive to the variations in chemical 
analysis of the dust, particularly of the carbon content, 
and hence the importance of correct proportioning and 
thorough mixing of material to give a charge of advan- 
tageous and regular composition. The necessity of dis- 
tributing the draft evenly through the entire bed of 
material, calls for a high degree of physical uniformity. 
Through establishing the proper relation between the 
thickness of the bed and the fan suction, the rate of 
sintering has been greatly accelerated. It is through the 
careful study of these essential details that large out- 
puts of uniform quality are being made at a very low 
conversion cost by the down-draft process. 

The rotary kiln, on the other hand, uses more or 
less external fuel, and it is for that reason that the 
process is not as sensitive in regard to the varying qual- 
ities of the flue dust. The kiln is mechanically the sim- 
plest sintering device, and like the Dwight-Lloyd, serves 
at the same time as conveyor for the material through 
the process. With the plain kiln, the main difficulty has 
been the building up of sintered material on the walls. 
These ring-shaped accumulations have to be removed at 
intervais, unless the walls are permanently kept clean 
by means of a scraper chain. This chain is an essential 
accessory, Since it eliminates the shut-downs, even when 
flue dust only is used, except for relining of the kiln, 
which at South Chicago has to be done two or three times 
a year. The largest cost item is the fuel, although we 
have been able to decrease it to some extent by pre- 
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heating the combustion air and by localizing the zone of 
combustion through modification of the burner. The best 
remedy, however, is apparently the Downs Tuyere Proc- 
ess, which forces air under pressure through the shift- 
ing bed of materials near the end of the kiln, and thereby 
burns out the carbon, thus utilizing its heat in a similar 
manner as is done in the down-draft process. 

In all methods a regular carbon content of from 6 to 
8% is of the greatest advantage. In fact, with a high 
and irregular carbon content no plant has been able to 
show as low a conversion cost and to make as satisfac- 
tory a product as a plant using good dust. It appears 
quite likely that out of the necessity to regulate the 
percentage of carbon, rather than of the impossibility 
to successfully smelt Mesaba ores and roll scale in their 
raw state, a portion of such materials will in the future 
be added to the flue dust and sintered with it. 

Among the fine materials to be considered for sinter- 
ing, those should naturally be chosen first which are 
present at the blast furnace and steel plants, and have 
to be disposed of. Next should come such fines which 
are produced as heads or wasted in the tailings in the 
various wet or dry processes of ore beneficiation; and 
last, the sintering of a portion of the ores themselves 
should be considered. 

As a material of the first class, the sediment from 
the discharge of our gas washers demands our special 
attention. This so-called ‘‘pond sludge’’ is of the great- 
est physical fineness, is sufficiently high in iron, and on 
account of its uniform composition should lend itself 
well to admixture with flue dust. That method which 
ean be adapted to handling this sludge in the most eco- 
nomical manner will have an important place in the 
future development of sintering. It should, however, al- 
ways be borne in mind that it is not profitable to treat 
materials which contain such elements as are detrimental 
to the furnace practice or to the quality of the iron, and 
cannot be removed in the process of sintering. 
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Many materials are of too low a value to bear the cost of 
sintering. Neither is it economical to sinter materials 
which, in spite of their fineness, can be used without 
difficulty in their raw state. As long as the standard 
grades of Mesaba ores can be smelted in their natural 
condition with such good results in regard to regularity 
of performance, uniformity of product, and low fuel 
consumption, as is the well-established practice of many 
blast furnace plants to-day, it is obviously not neces- 
sary to sinter them. But an increasing tonnage of low 
grade ores will be mined from year to year, and much 
of this must be beneficiated by various processes before 
being shipped to the blast furnaces. A percentage of 
concentrated fines is produced in this treatment which 
should not be mixed with the coarser heads, but should 
be kept separate and put into suitable shape for blast 
furnace use. In view of their high grade, and their 
physical and chemical uniformity, they form an ideal 
material for sintering, and open a new and important 
field for the future development of sintering processes. 
(Applause. ) 


PresipENT Gary: Open discussion is now in order. 
Are there any volunteers? (After a pause.) ‘‘Under- 
Advertising of the Steel Business,’’? by Mr. George H. 
Jones, Vice-President, Inland Steel Company, Chicago, 
Illinois. 


UNDER-ADVERTISING OF THE STEEL BUSINESS 


Gzorce H. Jonss 


Vice-President and General Manager of Sales, Inland Steel Company, 
Chicago 


England has raised the greater part of an army of 
four millions by advertising, using newspapers, bill- 
boards, omnibuses and other methods. This was con- 
sidered the most effective way and its application is 
almost universal. 

This is an object lesson to the iron and steel manufac- 
turers who have been in the habit of saying about adver- 
tising, ‘‘ When the demand for our products is good there 
is no need for it, and when the demand is poor there is no 
use of it.’’ 

The steel manufacturers can pave the way to make 
depressions less severe by stimulating a demand for the 
products of the steel mills. The way many of us advertise _ 
is to place what amounts to a business card in a trade 
paper and let it go at that. It will do once in a while to 
call attention to a full list of our products, but it possesses 
little sales value. We want our advertisements to be read. 
We must, therefore, give truthful information of value to 
a prospective customer, and whenever possible the matter 
should be well illustrated. One product only should be 
treated in one advertisement. Sizes, quality, capacity and 
other special advantages we have to offer should be stated 
and enlarged upon. We should answer the readers’ ques- 
tions before they are asked. 


ADVERTISING AGENCIES. 


Very few of those who have advertising in charge have 
the time or inclination to do this work properly. It re- 
quires much watchful detail work, knowledge of the 
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printer’s art and getting the copy to the publication at the 
proper time and ready for printing. An advertising 
agency can do this well at a comparatively small cost and 
it brings in a trained mind and another viewpoint. ‘When 
you consider what you pay annually to the publications in 
which you advertise and the aggregate of all, it is worth 
the small extra percentage which it costs to have much of 
the work done by an expert. This cannot be entrusted to 
the publications themselves, who offer to do it without 
charge. With the best intentions, they cannot solve the 
problems of their advertisers, nor do they have the neces- 
sary technical or other knowledge to doit. Their methods 
are more or less stereotyped and lack the knowledge to 
carry conviction. The practice of accepting this free copy 
service from newspapers has the added disadvantage of 
destroying all unity in the campaign. 

Trade and technical periodicals must not be neglected 
in making out an advertising programme. A certain 
amount of general publicity is also necessary, and the 
public must be informed of the merits of any special 
product, in order that a demand be created for it, without 
which the dealer and manufacturer would not ask for it. 
Pamphlets, booklets, folders, cards, circulars and letters 
can be successfully used. The personal eall is often neces- 
sary and the outdoor field could be used to advantage. 
Catalogues that give some real information and explana- 
tions are badly needed. Too often they only represent the 
mill man’s viewpoint and give the buyer very little of the 
facts and figures he needs. Catalogues are recommended 
to be of uniform size—81%4 X 11 inches and preferably 
issued in separate divisions covering kindred products. 


Creating DEMAND For STEEL Propvucts. 


The use of structural steel is due to a demand for it 
rather than to any effort made by the steel manufacturers 
to introduce its use. But steel bars for reinforcing con- 
crete are required in the main as a substitute for other 
than steel construction because the cement manufacturers 
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and the concerns controlling patented bars promoted a 
large use for their products and in doing so these bars 
came into being, in spite of rather than because of the 
steel makers themselves. The tonnage of concrete bars 
now made by steel manufacturers is of considerable im- 
portance to the industry. 

At the May meeting of the Institute Mr. Edward M. 
Hagar said: 


If the manufacturers of steel spent as much money to 
instruct the people in new uses for steel as the manufac- 
turers of cement in proportion to the dollars of business 
done, the steel men would be spending $12,000,000 a year 
to extend the uses of their own product. That $12,000,000 
would represent only a fraction of a cent of each dollar’s 
worth of business done. We cement manufacturers have 
found by experience that we get back with big interest all 
the money we spent in this educational campaign. 

The cement manufacturers are helping the steel manu- 
facturers in this direction. Reinforced concrete calls for 
steel rods. Iron and steel producers and the cement 
manufacturers might find it mutually advantageous to co- 
operate in this educational work. 


The Association of Sheet & Tin Plate Manufacturers 
last year started a Bureau of Development which 
promised well, but it did not materialize owing to the 
‘‘nenny-wise and pound-foolish”’ ideas of many of those 
to whom it should have appealed and who were invited to 
co-operate. Enough subscriptions were not received to 
justify them in going ahead with the very full and com- 
prehensive programme outlined in their ‘‘Memorandum 
of Plans.’’ In this pamphlet Elbert Hubbard is quoted as 
having written: 


Not long ago I visited a State Hospital for the Insane. 

Walking over the beautiful grounds half a mile from 
the main building I came across an attendant in charge of 
twenty-five patients. ; 

The attendant was a little man, a sort of half portion. 
Many of the patients weighed twice as much as he. 
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I walked along with him for some distance and in the 
course of our conversation I said: ‘‘I don’t want your job. 
What is to hinder half a dozen of these big fellows get- 
ting together and setting up a job on you? If they would 
get at you all at once you would not stand any show at all. 
There is no help within half a mile and you are not 
armed.’’ 

He looked:at me in rebuke and remarked: ‘‘ You belong 
here, all right! You ask what is to hinder these fellows 
getting together and setting up a job on me? Why, the 
fact is, if they could get together with anybody or any- 
thing they would not be here. That is their trouble. 
Nobody is ever sent to an insane asylum who can do team 
work.’’ 

The badge of sanity is the ability to co-operate with 
other people; and the more people you can work with and 
for, the bigger and better you are. It is an age of 
organization. 

Competition may have been the life of trade once, but 
it is no longer so. Competition died when the inventive 
genius of American engineers devised machines that 
should manufacture beyond the present economic wants 
of the people. Competition then became suicidal and de- 
structive, and anything that is suicidal is dying—dead. 

Simply because one is in the same line of business as 
another man is no reason why he should attempt to de- 
stroy him. <A certain amount of mutuality is absolutely 
necessary to live. 


Elbert Hubbard was not a steel man, but he was, 
nevertheless, about right with regard to the lack of co- 
operation in promoting the steel business. 


EXxamp_e Ser py LUMBERMEN. 


About six years ago five men in the south each put up 
$260 into a fund to advertise red gum in an architectural 
journal, after dint of much hard work on the part of a 
representative of that journal. 

Though they were men of wealth, this $260 came hard 
because they really did not believe that anything would 
come of it. 


But the result of that $1,300 venture was the sale of 
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red gum aggregating $350,000 with three successive $2.00 
jumps in price per 1,000 feet in a single year. This cam- 
paign has continued year after year, as high as $40,000 a 
year being spent in it. The result is the widespread use 
of red gum wood for fancy interior finish—a wood that 
had previously been in the railroad tie class. 

This campaign started the Southern Cypress Associa- 
tion into action, and their annual advertising expenditure 
far exceeds that of the Red Gum Association. 

Then came the North Carolina Pine Association, the 
Northern Pine Association, the West Coast Lumber 
Manufacturers Association, the California Redwood 
Association and, last and largest of all, the Southern 
Yellow Pine Association. There is now talk of an amalga- 
mation between all their interests for the purpose of 
financing a mammoth campaign in favor of wood as 
against ‘‘substitutes’’ for wood. 

Let us acknowledge that, as a class, the steel industries 
of the country are the most clumsily and inadequately 
advertised of all our industries. 

I almost feel safe in saying that more advertising 
money has been spent in tooth paste than all of us com- 
bined have expended in all of our products. 

And our total expenditure would look like small 
change beside the bank roll expended annually by the 
chewing-gum profession, the soap artists or the baking 
powder family. 

Yet steel products as a group are just as susceptible to 
the power of publicity as any of these; because just as 
universal in consumption and vastly more important to 
the public welfare. 


Resutt oF ADVERTISING HaAwatlAn PINEAPPLES. 


Up to 1909 the importation of pineapples from the 
Sandwich Islands was so inconsiderate that they were not 
even listed in the government reports. 

But about that time thirteen leading producers formed 
an association and placed in the hands of Mr. Dole, son of 
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a former president of the islands, about $100,000 with 
which to educate the American people to ask for Hawaiian 
pineapples. 
Successive reports show the following importations: 
Exports from Honolulu—eanned pineapples and pine- 
apple juice— 


(CUI eS $1,558,507 
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The point is that that intelligent campaign carried on 
year by year not merely diverted the trade away from 
Cuban and Bahaman pines, but it multiplied the total con- 
sumption of pineapple products to a degree not even 
faintly hoped for by the Hawaiian growers and canners. 


New Fevps ror Sreet Propucts. 


Similarly, an educational campaign on steel products 
will not only serve to protect us against the onslaughts 
against us made by various substitute products, but it 
will lead to a great total increase in building operations. 
Just one case in point: a million farmers now leave their 
implements out in the fields all winter unprotected by any 
shelter—steel, wood, paper or otherwise. Our duty to 
ourselves and to the farmers is to stop this ruinous loss 
by first showing them their folly, and then giving them 
practical instruction in the way of stopping that loss by 
erecting sheet steel shelters. 

Another instance: Cash wheat at harvest time aver- 
ages some cents per bushel lower than its selling price in 
mid-winter or early spring. This is simply because 
farmers, with no place to store their wheat, sell it to the 
local elevators at whatever price they offer. Our duty is 
to show the farmers how they ean vastly inerease their 
earnings by erecting inexpensive steel grain houses and 
storing their grain on their own farms until demand has 
caught up with the supply. 
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Still another typical example: shelters at cross-road 
stops of interurban trolley lines. The right sort of an 
educational campaign will show these roads how they can 
increase their traffic by providing this comfort; and if 
they don’t do so, such a campaign will wake up the farm- 
ing public to demanding it. 

No doubt hundreds of other fields lie open to us if we 
will but learn the vital necessity of harnessing the vast 
willing and responsive power of educational publicity. 
The same sort of organized publicity has been done with 
other products, among which may be mentioned electrical 
machinery and equipment, gas making machinery, ete. 


Frre Prevention. 


The Association of Sheet & Tin Plate Manufacturers 
in April, 1914, issued a pamphlet entitled ‘‘A Discussion 
of Fire Prevention in Its Bearing Upon the Use of Non- 
Inflammable Materials.’’ I quote a few pertinent para- 
graphs. 


Nobody can deny that if all buildings were made abso- 
lutely fireproof and everybody continually careful, we 
might save most of this stupendous amount of wealth 
now wasted annually. 

It is a worn out fallacy which assumes that the fire loss 
is borne by the insurance companies. They bear no loss 
but act merely as collectors and disbursers. The losses 
are a tax on every man. 

The cost of maintaining fire departments in European 
cities is about 25 cents per capita per annum, while in 
American cities it is $2.57 or 10 to 1, and the cost of fire 
loss and fire fighting combined averages in European 
cities 58 cents per capita per annum, while simultaneously 
in America it costs $5.07 or at the ratio of 834 to 1. 
This difference is due almost entirely to better building 
conditions. 

It has been estimated by the underwriters that 27 per 
cent. of the fire loss in this country comes from fires that 
extend beyond the buildings in which they originate. 

A reasonable conclusion is that losses are due to the 
inflammable construction of our buildings. 
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Another writer states the loss by fire in some of the 
older European countries is only 2c per capita and in the 
United States $2.80 per capita or 140 times as much. 


It is reported there are six million farms in the United 
States, 10% of which use metal roofing and 30% patented 
(not metal), and the remainder generally shingles, with 
perhaps a few tile and slate roofs. This condition can be 
changed by proper promotion work and patented roofing 
largely supplemented by sheet steel and tin. Some good 
work has been done along these lines, but not enough to 
make much of an impression. The question of fire and 
lightning comes in here. The perils of combustible roofs 
are well known, but often forgotten. They should con- 
stantly be kept before the owners of farm and other 
buildings. 

The manufacturers of patented roofings, more or less 
inflammable, spend large sums annually running into the 
hundreds of thousands of dollars in advertising their 
goods and have been successful in getting them used, to 
our disadvantage. 

Advertising has made the use of patented roofs pos- 
sible and the mail order houses have been liberal and con- 
sistent helpers. These. feltless ‘‘felt’? and rubberless 
‘‘rubber,’’ inflammable, ‘‘fireproof’’ roofs have very 
little excuse for existence and metal roofing should take 
their place, besides encroaching largely into the per- 
centage of shingles. 

The National Hardware Association this year offered 
prizes for the best essays on ‘‘What Constitutes a Good 
Roof,’’ from the standpoint of metal roofing. The three 
best essays have been printed in a booklet which is given 
a large circulation. This is a step in the right direction. 

One phase in the extension of the sale of many of our 
products is the education of both wholesale and retail 
merchants, especially the retailers and their clerks. 

By making them better steel salesmen we can multiply 
their sales. This is of vast importance because the aggre- 


UNDER-ADVERTISING OF THE STEEL BUSINESS—JONES 501 


gate tonnage of steel and steel articles sold to the con- 
suming public through retail sources is exceedingly great. 

Lumber dealers are now selling steel fencing, steel 
fence posts and steel roofing. It is not natural for them to 
do this, but they are merchants first and lumber dealers 
afterward. They are, therefore, selling what is asked for, 
and we can help them materially to increase their sales of 
our products. Modern saw-mills, interested only in the 
production of lumber in its various forms, are’ using steel 
roofing and in doing so they admit it has advantages 
over their own product. It is fireproof, lightning-proof 
when properly grounded, and will last longer when taken 
care of than any of the materials heretofore used. 


Fretp ror Promotion oF Sreeu Saxes. 


Promotion and sales work—comprehensive and exten- 
sive—is needed to further the use of steel in the following 
directions: 7 

Roofing and siding of proper weight in place of 
patented materials. 

Fence posts for railroads, farms, vineyards and other 
uses. There are probably fifteen to twenty concerns now 
making steel fence posts and they are commencing to do 
well, but the possibilities in this line have hardly been 
touched upon. In bolts—on account of the greater tensile 
strength and uniformity of structure. In many lines of 
work steel has come into its own and may be safely left 
as it is, but steel could be used in smaller sizes, giving 
equal strength and less weight, in the following items 
among others: | 


Metal Shingles Steel Scaffolding 

Metal Ceilings Steel Warehouses 
Steel Lath Steel Warehouse Boxes 
Steel Fire Doors Steel Boat Houses _ 
Steel Window Frames Steel Storage Buildings 
Steel Lockers Steel Shops 

Steel Culverts Steel Tool Houses ° 


Steel School Furniture Steel Foundries 
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Office Furniture 

Shelving 

Barrels 

Kegs 

Crates 

Packing Boxes 

Telegraph Poles 

Telephone Poles 

Railroad Ties 

Steel Cattle Guards 

Steel Wagon Bodies and 
Seats 

Steel Wagon Tongues 

Steel Double Trees and 
Single Trees 

Steel Hay Racks 

Steel Barns 

Steel Hog Houses 

Steel Chicken Houses 

Steel Implement Sheds 

Steel Grain Bins 

Steel Corn Cribs 

Steel Fruit Picking Stands 

Steel Ladders 


Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
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Steel Repair Shops 

Steel Section Houses 

Steel Oil Houses 

Steel Gasoline Depots 

Steel Garages 

Steel Real Estate Offices 

Steel Labor Dormitories 

Steel Sectional Buildings 
for factory ‘extensions, 
and other purposes 

Steel corrugated sheets for 

tight fences 

Steel frame work for small 
buildings 

Steel Tanks 

Steel Silos 

Steel Boats 

Steel Barges 

Steel Burial Caskets 

Steel frames and boards 
for standing signs 

Steel for mine, timbering 
and tipple work for main 
and outbuildings 


Co-opERATION oF Steet Men 1n Promotine THE Use 
oF STEEL. 

Development work covering an increase in the use of 
steel in the various directions in which it could be employed 
to advantage, might be well undertaken by all steel manu- 
facturers and through them by their customers under the 
direction of a Bureau of Publicity and Promotion of the 
American Iron and Steel Institute. This Bureau, acting 
for the interests of the steel business at large and not 
handicapped by being confined to the product of any one 
concern, would be on the watch to determine in what way 
steel could be substituted for other materials and be pre- 
pared to offer suggestions as to the best means to secure 
the results aimed at. The Institute being recognized as a 
responsible and authentic institution, could not afford to 
disseminate inaccurate or unreliable information, nor 
would it be suspected of doing so. It would be incumbent 
upon the steel manufacturers to carry out the standards 
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recommended by the Institute and not cater to the demand 
for underweight and cheapened material. 

A series of handbooks on steel and its advantages, 
issued in sufficient quantities, under the auspices of the 
Institute and sold to its members at cost, for their dis- 
tribution to the merchants with whom they deal would be 
most effective. 

These might take the form of little pocket manuals 
such as were issued by the Cypress Association—a 
manual for each of some twenty general classes of build- 
ing, structures or articles. Indeed this plan could be car- 
ried still further, the dealer being supplied with a suffi- 
cient quantity for him to distribute to his consumer cus- 
tomers, as has been done so effectively by the cement 
makers. ; 

The booklets would be couched in very simple, non- 
technical language, with easily understood diagrams and 
illustrations. 

The farms of this country offer a vast undeveloped 
market for a great variety of steel products. A concerted 
campaign by this Institute, in the influential farm 
journals, would bring very satisfactory results. This 
campaign might take the form of offering to the farmers 
their choice of booklets on certain farm buildings, as for 
instance silos, implement sheds, roofs, ete. 

Such a campaign would involve the expenditure of a 
large sum in the aggregate, but the share of each member 
participating would not be burdensome. 

I have made no mention of the possibilities in the ex- 
port business, the exploiting of which is in a class by itself 
and should be treated separately by one experienced in 
that particular work. (Applause. 


Preswent Gary: Opportunity for open discussion is 
now afforded. This would seem to be a great opportunity 
for Mr. Penton and some others. (After a pause.) Has 
any one anything to offer on this subject? Mr. Kennedy, 
of Buffalo. 


UNDER-ADVERTISING OF THE STEEL 
BUSINESS 


Discussion sy Huau Krennepy 
Vice-President, Rogers-Brown Iron Company, Buffalo, N. Y. 


It seems to me that this Hotel Statler knows the power 
of advertising. While I was dressing this morning a 
newspaper was pushed under the door into my room. I 
called the office and said, ‘‘I have got some other fellow’s 
newspaper.’’ The reply came, ‘‘No, it is your news- 
paper.’’? I have no doubt every one of you stopping 
here had the same experience. This is a little thing, but 
it leaves a good impression. We will tell our friends 
about it. I think we can also learn a lesson in advertis- 
ing, in our offices, by observing the manner in which our 
patrons are received; whether in a disagreeable manner 
by an uncivil, impudent boy, or with the courtesy usually 
expected by them when making a call. The same is also 
true with regard to traveling salesmen; most of whom 
make you feel that ‘‘you are the people we are serving; 
we want to do more for you than you ask.’’ It is the 
little things that go to make a good impression, and they 
are of value in advertising. (Applause. ) 

Present Gary: Is there anything further to Say in 
regard to the paper or to Mr. Kennedy’s suggestion? 
(After a pause.) The next topic is ‘‘Development, Manu- 
facture and Uses of Alloy Steels for Commercial] Pur- 
poses,’’ by Mr. Edgar D. Rogers, General Sales Manager, 
United Steel Company, Canton, Ohio. 


THE DEVELOPMENT OF ALLOY STEELS FOR 
COMMERCIAL PURPOSES 


Epear D. Rogers 


General Sales Manager, United Steel Company, Canton, Ohio 


This subject covers such a wide scope that it seems 
advisable to limit this paper to a more or less historical 
and practical viewpoint regarding the development and 
use commercially of alloy steels, rather than to attempt a 
thesis on the technology of the subject, except in a most 
superficial way. Further, no attempt has been made to 
cover the field of strictly crucible steels for lack of ex- 
perience in that process of manufacture. 

The oldest alloy steels of which we can find record are 
an ingot of prehistoric times, analyzing 1.20% carbon, 
1.60% silicon, unearthed near Nancy, and a tool contain- 
ing a small percentage of nickel, removed in 1837 from 
the Cheops Pyramid. Also the Damascus steel of Toledo 
contained tungsten, nickel and manganese. There is no 
evidence that these steels were intentionally alloyed, but 
were the result, probably, of a combination of different 
element bearing ores. During the eighteenth century great 
advances were made in metallurgy, although the opinions 
on the subject were vague. The effects of phosphorus, sul- 
phur, bismuth, tin, antimony and arsenic in iron were 
known about 1740. 


Harty ExprerIMeENnts. 

It was not, however, until the first half of the nine- 
teenth century, and then only after ordinary carbon steel 
composition had been determined by Reaumur, that the 
first intentional experiments to alloy metals with iron 
were undertaken. In 1812 Hassenfratz, under orders 
from Napoleon, completed his work on the effects of 
cobalt on iron. The effects of titanium, chromium and 
tungsten were also known about this time. 

Tn 1819 Faraday, together with Stodart, attempted to 
produce experimentally some synthetic alloys, their object 
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being to obtain metals which would be more resistant to 
oxidation than common steels. They learned that iron 
alloyed with 2% silver proved an excellent metal for some 
types of surgical instruments. Experiments were also 
made by alloying platinum, rhodium and gold with iron; 
the platinum and iron producing a metal which, on ae- 
count of its color and luster, proved excellent for metal 
looking glasses. 

Berthier in 1821 discovered the excellent properties of 
chromium steel. Further experiments in 1829 by Ber- 
zelium developed an alloy of peculiar properties called 
Meteor Steel which contained zine, nickel, tin and 
chromium. 

About 1829 the first determinations of physical 
properties such as tensile strength were made also as 
to the effect of forging on the different steels, which 
brought to the attention of the trade the importance of 
homogeneity of steel. The wonderful development in the 
use of steam as a power served as an impetus to the steel 
maker for the production of better and more homo- 
geneous steel, and the demand increased to such an extent 
that chemists and metallurgists turned their efforts to the 
production of a better and cheaper product. This brought 
about the invention of the Bessemer converter in 1856, 
which may be considered the birth of the present steel 
age. 

This also reacted on the makers of the higher grades 
of steel, and they in turn strove to improve their produet 
and succeeded in melting what were the first commercial 
alloy steels. The first of these, no doubt, was the tung- 
sten steel of Mushet which, owing to the peculiar proper- 
ties of this material, was named ‘‘self-hardening steel,’’ 
inasmuch as it required no other quenching than cooling 
in air to obtain a hardness as a tool which up to this time 
had been unthought of. 

Mushet also experimented with titanium. His ex- 
pectations, however, were not fulfilled, and he turned his 
attention to the use of the elements of chromium and 
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manganese with tungsten. It is indeed unfortunate that 
Mushet did not pursue the heat treating of his steel with 
as much interest as he did the invention, as probably the 
production of high speed steel would have resulted years 
earlier. 


SILicon AND MANGANESE. 


Knowledge of silicon and manganese as alloys was 
limited up to 1880, although Gautier in 1876 had made 
observations regarding the hardening properties of man- 
_ ganese. R. H. Hadfield in the year 1880 began probably 
the first thorough research in the metallurgy of steel re- 
garding silicon and manganese. As a result of his in- 
vestigations he published works of vital importance for 
the development of steel with these elements. Hadfield 
justly designates the year 1888 as the beginning of a 
thorough knowledge of alloy steels, when quite a number 
of such steels were produced in large tonnages and the 
use of silicon and manganese for the improvement of the 
physical and magnetic qualities was made practical. 


CHROMIUM STEEL. 


The founder of the chromium steel industry in 
America was Julius Baur of New York, who, after re- 
ceiving letters patent for the manufacture of chrome steel, 
formed a company in 1869 which soon marketed its 
product with success. In Europe chrome steels were first 
produced by Holtzer and Company, Unieux, France. In 
1870 they manufactured chrome steel armor piercing 
shells and armor plate containing about 2% chrome. 
Soon thereafter Hadfield began the manufacture of 
chrome steel in England, and in 1882 furnished chrome 
steel shells to the English Government which penetrated 
8” wrought iron plates. 

The development from this time on was quite rapid 
and chrome steel was introduced largely for safe work, 
jail work and other lines somewhat related to its original 


uses. 
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The modern manufacture of this steel has broadened 
it beyond these uses and a large tonnage is now annually 
used by the ball and roller bearing industry. It is also 
used extensively in tool manufacturing lines and for other 
purposes where intense hardness is essential. 


Nickeu SresKu. 


From 1822 when Stodart and Faraday at Sheffield 
published their experiments on the alloying of nickel and 
iron, up to 1885, when a pure ferro-nickel was brought 
out, nickel steel, on account of its expense, was not de- 
veloped to any great extent. While during this period 
Wolf, Fairbairn, Therber, Bessemer and others carried 
on extensive and valuable investigations, contributing to 
the development of this steel, it nevertheless remained for 
James Riley, then of Glasgow, to demonstrate by prac- 
tical tests the advantages of alloying nickel with steel. 
Riley’s paper on this subject, read before the Iron 
and Steel Institute of Great Britain in 1889, gave an 
impetus to the introduction of nickel steel in a commer. 
cial way. 

The advantages of nickel steel in ordnance led to its 
use in the manufacture of guns of heavy caliber. The 
fact that the propeller shafts of the gigantic doublescrew 
express steamer Deutschland, launched in 1889, were 
made of nickel steel is evidence of the remarkable prog- 
ress made in the manufacture of this steel and the 
recognized advantages in its use. 

Nickel steel is now used extensively in automobile con- 
struction for parts such as frames, gears, shafts, and its 
utility in fields of structural fabrication, engine building, 
ship building, and many kindred lines too numerous to 
mention, is established and increasing. 


VANADIUM, 
In 1803 Del Rio, professor of mineralogy in the City of 
Mexico, isolated this element and called it eurythronium. 
However, it was not until 1830 that Sefstrom, a Swedish 
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investigator, succeeded in attributing the superior 
properties of some of their soft irons to this wonderful 
element, and gave it its present name. 

The manner of the use of vanadium and its effect be- 
came known no sooner than 1900 through Arnold, who 
demonstrated a method of using it in a eoratercial way. 
Further investigations as to the action of vanadium in 
steel have been carried on by Nicolardot, Guillet, Putz, 
and others. With its marked affinity for numerous ele- 
ments it was found in minute contents combined with the 
various minerals universally. 

Owing to its enormous cost, which in 1895 exceeded 
$10,000 per pound, very little was done with it as a steel 
alloy, but a vast deposit was unearthed in South America 
in 1905 and its cost was thus soon brought within reach 
of the commercial consumer. 

Its property as a scavenger in cleansing steel of their 
impurities other than phosphorus and sulphur, and the 
dynamic qualities, together with the superior static re- 
sults obtained when used in conjunction with chrome, 
created a demand for this alloy which has been remark- 
able. The Swedish irons used as a base for high grade 
crucible steels owe their virtues to this element. One of 
the first extensive uses synthetically, however, was in con- 
junction with high speed steels whose cutting properties 
were trebled and even quadrupled thereby. 

The automobile, locomotive and high speed engines, 
with their demands for anti-fatigue material, opened a 
wide field for this product. It was this demand that 
caused the entry of the open hearth and electric furnaces 
into the manufacture of this alloy steel. 

About 1907 chrome vanadium steel was first success- 
fully made in the open hearth furnace in commercial 
quantities. The consumption of vanadium as an alloy 
has steadily grown so that today it is used in combination 
with practically all other alloys, and in crucible, electric 
and open hearth practice. 
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Recent DEVELOPMENTS. 


The use of alloys in the manufacture of steel was 
effected in a commercial way about 1880. The demands 
of a steel to meet the use of more powerful explosives was 
the first influence toward the use of alloys and resulted in 
the introduction of nickel and chromium in steel for 
ordnance work. In their infancy these steels were made 
and alloyed in the crucible, and it was from the crucible 
mills with their ultra-expensive practice that the con- 
sumer obtained his supply. Later the demand increased 
so tremendously that the open hearth and electric fur- 
naces were drafted into service, the former turning out 
an excellent product at a very much decreased cost owing 
to the tonnage involved, and the latter rivaling the eru- 
cible for purity and with its costs also decreased as 
against the crucible practice. This was due to the charge 
of tons in the open hearth and electric as against the 
crucible’s charge in pounds. 

During the past decade wonderful strides have been 
made in the development of alloy steels of high physical 
properties. Such developments were brought about 
largely by the severe and exacting requirements of auto- 
mobile manufacturers, as with the introduction of motor 
vehicles it became necessary to economize in Space and 
weight, and to meet these requirements metallurgists 
turned their attention to the development of steels of 
greater efficiency. This resulted in the adoption of prac- 
tically standard analyses, by which small percentages 
of the standard alloying elements, vanadium, chromium, 
nickel, tungsten, ete., introduced into the metal increased 
its strength, toughness, hardness and other physical prop- 
erties sufficiently to meet the exacting conditions. In 
addition to the alloy steels containing the above men- 
tioned elements, another class was developed by adding 
abnormal quantities of the essential impurities, silicon, 
manganese, or both, either with or without the aforesaid 
alloying elements. The production of satisfactory man- 
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ganese, silicon and silico-manganese steels is now com- 
mercial. 


MacHrIneasitity or ALLoy STEELS. 


Some consumers specify alloy steels which must be 
made to analysis, heat-treated to certain required physi- 
cal results, and then either cold drawn or turned and 
polished, so that the consumer has only to use the steel as 
furnished by the steel manufacturer in its finished form. 
, This demands of the steel maker not only heat-treating 
facilities but equipment for producing steel with the 
highest possible finish. The problem which is now con- 
fronting the steel maker more and more is the machine- 
ability of steels capable of possessing high physical 
properties. Marvelous development in tool steels, due to 
the improvement of the present-day high-speed steels, has 
caused a proportionate increase in the efficiency of 
machine tools which means a ‘‘speeded up’’ production 
inconceivable ten years ago. I believe that the efficiency 
in improving machineable steels has not kept pace 
with the improvements in tool steels and machine tools. 
This is not entirely to be blamed upon the steel maker, 
as much steel is furnished in a green state, or the 
operations performed upon the steel before machining 
being thermal in nature destroy its production efficiency 
unless this structure is returned to its proper status. 
There is a large field for investigation as to the various 
mill operations to obtain a commercial practice which will 
deliver steel to the consumer in a uniformly machineable 
condition. 

A few years ago, and even to date, a steel which was 
difficult to machine was ‘‘annealed.’’ The peculiar charac- 
teristics of the steel were not investigated, but the steel 
was treated in a more or less superficial way and heated 
‘somewhere in the neighborhood of 1500° Fahrenheit and 
cooled in a slow heat conducting medium,’’ which sufficed 
to obtain more or less uncertain results for the customer. 
Inasmuch as we are living in a day of special steels and 


512 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


each steel is indeed a deep study in itself, the problem of 
machineability becomes not that of a mere annealing 
(which in some cases is sufficient, however) but a scientific 
research of the metal through its many operations from 
ingot to bar. Casting, breaking down, rolling and prin- 
cipally finishing temperatures, all must be looked into 
with utmost care. These details must be not only ascer- 
tained but duplicated day in and day out in order to reach 
the ideal condition. Thus when each grade of steel is 
intentionally, and not more or less accidentally, made a 
consistent machining proposition, will the production 
which is sought be attained. 


SPECIFICATIONS, 


The question of chemical and physical specifications is 
an important one to the steel maker. It has been the 
habit of consumers when buying their materials to specify 
both chemical and physical properties, and in a good 
many instances properties that are conflicting and incon- 
sistent. It has been our experience, and no doubt that of 
all the other makers of steel, to receive orders on which 
certain chemical limits that are commercially possible are 
outlined, and then physical results demanded that are 
absolutely impossible with the prescribed analysis. In 
some cases the ductility factors, viz., elongation and re- 
duction, are specified at percentages that cannot be met 
with the high elastic limit required. In others the hard- 
ness (placed either at a maximum to obtain machining 
qualities, or at a minimum to assure the elastic limit being 
up to specifications) is entirely inconsistent with the ten- 
sile strength and elastic limit. These discrepancies are 
in a good measure due to the steel makers themselves be- 
cause only a few years ago the data at hand on alloy 
steels was obtained through tests in which the type of steel 
was the only variable, little consideration being given to 
section when recommending a steel for a prescribed 
purpose. 

A standard test piece which has been heat treated 
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after machining, as we all know, will show percentages of 
elongation and reduction which cannot be obtained with a 
test piece machined from a heat-treated part of greater 
section. Also a treatment which will produce certain 
properties upon a test piece treated after machining will 
not suffice for the heavier section. Because of the incon- 
sistency of imposing’ physical specifications based on 
a standard test specimen heat treated, as against a speci- 
men cut from a larger section after heat-treatment, steel 
. manufacturers have often found difficulty in meeting the 
requirements demanded. 

Physical specifications should be drawn up in accord- 
ance with the results which should be obtained from tests 
taken from the full section in question. 

Data are often given out by steel manufacturers as to 
physical properties of steel without specifying the sec- 
tion from which the tests are made, which is thereby 
misleading. 

Again, concerns have been impressed with the virtues 
of some type of alloy steel by reason of its exceptionally 
high physical properties, and assume, for instance, that a 
steel which is stated to show 200,000 pounds per square 
inch elastic limit must necessarily be better than one 
which shows only 150,000 pounds elastic, ignoring en- 
tirely the purpose for which the steel is to be used. In 
reality the lower elastic with greater ductility may, fora 
particular purpose, serve to better advantage than the 
higher elastic and lower ductility, both results, however, 
being obtained from the same steel by different thermal 
manipulation. 

The various types of alloy steels each have distinct 
properties for a constant elastic limit. The elastic limit 
is the working feature in all parts because after deter- 
mining the stresses and by adding a factor of safety 
there is obtained a gross stress which must be resisted, 
and this resistance must in all cases be exceeded by the 
elastic limit. The type of steel then to be selected should 
be determined by the nature of the stresses and not the 
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amount for it is possible to obtain equal elastic limits in 
several of the alloy steels that are made today; for in- 
stance, where an alternating stress will cause a chrome 
nickel steel to fail a chrome vanadium steel will serve 
satisfactorily, even though it is treated to show no 
greater strength. This is due to its superior dynamic 
properties. 

The consumer should, when specifying steel, arrive at 
the grade through the nature of the stresses, the elastic 
limit by the amount of the same, and be content with 
the tensile, reduction, hardness, ete., which that particu- 
lar type of steel must necessarily possess with a certain 
elastic limit. ’ 


PROSPECTIVE. 


The manufacture of alloy steel tube stock has received 
great impetus in this country since the war began. In 
fact, many consumers in this country have learned that 
a high grade product of alloy steels can be obtained from 
the American steel makers. Steels which were formerly 
purchased abroad are now being produced by American 
manufacturers with satisfactory results. Therefore, the 
American steel maker, as well as the maker of finished 
articles heretofore imported, can hope to retain this trade, 
it having been fully demonstrated that American steels 
are equal in quality to the foreign steels. 

The railroads have been far less active in the adoption 
of alloy steels than the automobile manufacturers, 
though during the past few years there has been on their 
part a greater realization of the merits of alloy steels 
effecting greater safety when operating at high speeds. 

The saving in weight in construction is a factor that 
the railroads cannot well overlook, as during the past few 
years the trend has been to tremendously increase the size 
of locomotives. This cannot be done without a decided 
increase in weight unless an alloy steel is used. 

The first obstacle in securing a more universal accept- 
ance of alloy steel by the railroads has been the lack of 
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preparedness on their part to properly heat treat. I wish 
to make myself clear on this point in particular, namely, 
that an alloy steel without heat-treatment is but little bet- 
ter than a carbon steel, and in some cases more dan- 
gerous. Sound business principles should prompt the 
user to heat-treat in order to obtain the maximum eff- 
ciency for which the consumer pays the additional cost 
for alloy above carbon steel. Proper heat-treatment will 
in many alloy steels approximately double the static 
strength and will at the same time produce a higher 
degree of ductility. Railroad shops as a rule are woe- 
fully lacking in proper equipment for heat-treatment, and 
until they provide furnaces of close and uniform opera- 
tion and control, dependable heat measuring apparatus, 
suitable quenching facilities and mechanical methods of 
handling the material, it will be impossible for them to 
realize to the fullest extent the degree of superiority of 
the alloy steels over the carbon steels. 

The steel maker can furnish the axles, side rods, and 
other forgings heat treated and rough turned, finished or 
ready for finishing, but he can only furnish such parts 
which are not in the course of manufacture subjected 
afterward to any hot work, and parts where no greater 
hardness than is consistent with good machining is 
essential. 

A proper heat-treating equipment would be of great 
service to the railroads also in the rebuilding or repairing 
their present rolling stock with durable alloy steels. 

I predict that the next few years will show a greatly 
increased demand for alloy steels from the manufacturers 
of railroad equipment, machine tools, engines, mining 
machinery, farm tractors, aeroplanes, ete. 

Alloy steels will also occupy a larger field in marine 
construction, particularly in submarine work. 

The aeroplane marufacturers are already calling for 
the highest grade of electric furnace alloy steels. If we 
review the wonderful development of aeroplanes in the 
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last few years we can readily get a better idea of the 
greater possibilities in the future. 

The field for the development of the tractor engine 
offers one of the attractive American manufacturing pos- 
sibilities. The successful development of tractor engines 
in a large measure will depend on the increased use of 
alloy steels so that the tractor may be lighter in weight 
and stronger in construction. 

Many other manufacturers have up to this time over- 
looked the great possibilities in the use of alloy steels in 
their products. There is a wide field for development. 


CoNcLUSION. 


The experience of alloy steel makers during the past 
seven years shows a steadily decreasing cost of produc- 
tion and a decreasing selling price due to many changes 
in manufacturing methods. Some mills which are now 
specializing in alloy steels have developed as the result of 
their experience methods of manufacture which are quite 
dissimilar in many phases to the manufacture of common 
steels. The waste product has been greatly reduced, this 
having been accomplished by the reclaiming of material 
which was formerly rejected. Heretofore, the practice 
was to discard a very large percentage of the heat which 
resulted in high cost of production. Economical methods 
put into effect resulted in a higher quality of steel and a 
better practice. While chipping, grinding and reclama- 
tion of steel in other ways entail a higher cost per ton 
for the making of the steel, they have resulted in ultimate 
decreased cost and cleaner billets, producing not only a 
greater yield of bars but a finished material free from 
defects and imperfections. This is beneficial not only to 
the consumer but also to the manufacturer who by con- 
scientiously cleaning his stock is assured that the material 
will remain sold and give satisfaction. 

Citing my company for example, rejections by the 
trade during the past seven years have declined very 
materially; that is, from 5 to 10 per cent. seven years 
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ago until during the past few years average rejections 
have been less than one-half of 1 per cent. 

Lower costs are due also to decrease in cost of some 
of the alloys, as for instance ferro-vanadium, and to lower 
cost in heat-treating, because of the greater amount be- 
ing treated together with improved design in furnaces to 
facilitate handling the stock. Lower selling prices will 
generally result in the further expansion of tonnage. 

The perfection of the electric furnace for steel melt- 
ing has enabled the manufacturer to duplicate by this 
method many steels which were formerly made in the 
crucible, and at’a reduced cost. There is a large oppor- 
tunity for introduction of such steels for use where the 
excessive cost of machining necessitates an absolute 
minimum of rejection, and which steels cannot be made 
successfully in the open hearth. This is especially ap- - 
plicable to parts where under rigid inspection minute 
defects cause rejections. 

7 The advancement made in the manufacture of alloy 
steels in recent years is a tribute to the steel makers and | 
speaks for the progress, the increased efficiency and 
years of hard work on the part of the steel manufacturer 
necessary to accomplish this result. 

From one point of view this remarkable efficiency of 
practice is a greater achievement than some of the 
metallurgical successes in the field of alloy steels. Itisa 
homely story of human effort which is only fully appre- 
ciated by the steel manufacturer. 


Preswent Gary: Discussion by Mr. George L. Norris, 
of the American Vanadium Company, Pittsburgh. 


DEVELOPMENT OF ALLOY STEELS FOR 
COMMERCIAL PURPOSES 


Discussion By Grorce L. Norris 


Metallurgical Engineer, American Vanadium Company, Pitts- 
burgh, Pa. 


I hadn’t expected to be called upon to participate in 
this discussion and have not had the opportunity of seeing 
the paper before it was read. 

I would call attention to the fact that this is just about 
the centennial of the investigations of Faraday on alloys 
_ of steel. Faraday’s investigations covered a very wide 
range, including gold, platinum, iridium, nickel, copper 
and several other rare metals. All comparisons were 
made with Damascus steel blades. Up to very recent 
times the steel investigators seemed to be charmed with 
the wonderful results obtained by Damascus blades, and 
that steel was the criterion of all steels. They would 
say that a certain steel on polishing or etching gave a 
beautiful damascene, or that the steel gave a very good 
mirror polish. They were interested principally in steel 
for cutlery and for swords. The later developments in 
the alloys of steel have been largely along similar lines, 
that is, for warlike purposes and the development has 
been largely a struggle between attack and resistance of 
projectiles and armor. 

The more recent development, of course, has been 
largely due to the automobile industry with its great de- 
mand for high grade steels. Mr. Rogers called attention 
to vanadium, which, while it was discovered about a 
hundred years ago, has only within the last fifteen or 
twenty years come into use as an alloy for steel. It has, 
been demonstrated that this is the most powerful metal 
ever discovered for alloying with steel in smal] amounts. 
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In the case of Arnold’s experiments referred to, the first 
tests were made with carbon tool stect. He found that 
with .20% to .30% vanadium he got abuut 50% increase 
in strength. Experiments with vanadium in combination 
with other alloys such as chrome, nickel, ete., gave very 
much higher physical properties, and the development of 
vanadium steels has been along the lines of these complex 
steels rather than with simple carbon-vanadium steel. 
The early price of vanadium was so high that the cost of 
simple carbon-vanadium steel was nearly as great as for 
the chrome-vanadium or nickel-vanadium steels with their 
much higher physical properties. A very great reduc- 
tion in the price of vanadium in the last two or three 
years has again brought to attention the fact that vana- 
dium added to straight carbon steel will give a very great 
increase in strength. This type of steel is now a com- 
mercial possibility and is one that will be very widely 
used. It is possible to use this type of vanadium steel 
without any heat treatment. There have been experi- 
ments under way in the last year with carbon-vanadium 
steel rails, and the comparison has been very favorable. 
The results show on curves twenty-five per cent. less wear 
in the case of vanadium rails as compared with rails con- 
taining fifteen to twenty points higher carbon on the same 
curve. <A very noticeable thing in these rail tests has 
been that the low rail has shown absolutely no flow, where- 
as carbon rails in the same curve show fully a half an inch 
of flow. 

In the case of locomotive forgings there is a very great 
field. ‘The locomotive builders and the railroad motive 
power men have felt the need of a better quality of steel 
for such forgings as side 10ds, axles, etc. It has been 
tried to meet these requirements through heat treating the 
carbon steel forgings. This has not proved satisfactory in 
most cases. The increase in physical properties has been 
very small and the danger of failure due to improper heat 
treatment is very great. It is not possible to reduce the 
weights of the various locomotive parts to any great ex- 
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tent as in the case of automobiles. This makes the use of 
high-priced alloy steels almost prohibitive. Through the 
use of a carbon-vanadium steel it is possible to get physi- 
cal properties by a simple annealing process equal to those 
obtained from heat treated carbon steel and at a rela- 
tively small increased cost. By this means, the uncer- 
tainty of heat treating large sections such as are common 
in locomotives today is avoided and the desired increase 
in strength is obtained. In other words, a greater factor 
of safety is obtained with a relatively small increase in 
cost. 

The automobile field, of course, is one peculiar to it- 
self; the sections are of relatively small size; in some 
cases the sizes used are so small as to seem almost unsafe; 
yet by the use of heat treated alloy steels with their tre- 
mendous strength there is perfect safety. The use of all 
alloy steels is developing at a very rapid rate. I know 
that the use of vanadium, with which I am more familiar, 
is increasing enormously and its use becoming common 
in all fields of the steel industry. (Applause. ) 


Presipent Gary: Any further discussion? Announce- 
ments by the Secretary. (After these announcements. ) 
We shall now take a recess until 6:30, when we shall 
assemble in the lobby adjoining, and at 7 we shall come 
to this room for dinner. 


HVENING SESSION. 


After the semi-annual dinner, which was served at 
7.30 p.M., the meeting was called to order by the chair- 
man, President Gary, at 9:15 p.m. 

Presipent Gary: We have a long program and a good 
one. The chairman will attempt to make it as short as 
possible; that is, by curtailing wherever it is possible 
to do so without interfering with the value and pleasure 
of the program. The room is crowded, as you see, al- 
most as crowded as your mills are. It will be necessary 
to maintain the strictest order and give the closest atten- 
tion, and for every one to do whatever is possible to aid 
in facilitating matters. 

- You will see by the program that the first thing is 
moving pictures, first by the American Steel and Wire 
Company, and then by the National Tube Company. We. 
_ give them now the floor. 
The American Steel and Wire Company pictures were 
presented by Dr. H. E. Horton, of Chicago. 

Dr. Horton: The first reel fase evening is an Ameri- 
can Steel and Wire Company reel, beginning with the bil- 
let at the end of the re-heating furnace, and following the 
process of rolling rods and drawing wire and finishing 
with three of the big products, namely, wire nails, barbed 
wire and woven wire fences. 

We are led to believe that iron and steel was the 
lever to lift men up out of barbarism to their present 
condition. If that is so, then wire of all kinds is the 
means of bringing this civilization to all peoples. For, 
from the wire adornments of the reigning queen of early ° 
times down to the humblest home in this country, where 
the wire is bought to tie up the stove-pipe, wire is in uni- 
versal use. 

The first mention made of wire is a difficult one to 
understand. We pass this over and come down and find 
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wire used in the ornamentation of the mummy-cases in 
Egypt. In a book called the Urkunden Buch, of Augs- 
berg, there is a census of the people of the city, divided 
according to the business in which they are engaged, and 
in the year 1851, for the first time we find the distinction 
made of ‘‘wire drawers’’ and ‘‘wire millers.’’? The wire 
miller was a man who took a rectangular piece and 
rounded the edge by hammering. Finally some one in 
this year 1351 discovered the use of the wire die and be- 
came known as ‘‘wire drawer.’’ In 1400 Rudolf of 
Nurmberg, so often mentioned in this connection, made a 
great deal of this method of producing wire. 

Now, to pass quickly on to a very interesting point in 
connection with the history of wire: In the early part 
of the eighteenth century the wire industry, the intense 
wire industry of the world, was in the Rhine Valley in 
Germany. Three towns, Altena, Iserlohn and Liiden- 
scheid, were towns of importance. One town drew coarse 
wire, another fine wire, and the third, the town of Altena, 
drew the medium-sized wire. Now to the point of in- 
terest. These men discovered that in order to carry on 
business to the best advantage, it was necessary to pool 
their interests; and so at that time, in the Rhine Valley, 
we have the first pooling association, or trust. All were 
included in this association; the small men, who drew wire 
in the farmhouse (for wire drawing at this time was a 
domestic industry) as well as the men who drew wire 
in the mill run by a water wheel, The production of poor 
product was prevented. 

All the wire drawn was put into a bonded warehouse. 
Certificates or warrants were issued against the wire 
stored in these houses. Men of probity had charge of the 
warehouses and made the sales. Merchants bought the 
wire on four months’ credit, The manufacturer, the small 
farmer, all who put wire into the pool, received from six 
to eight per cent.; a like amount was given to the pool. At 
the end of the year, coming together in a general meeting, 
the books were balanced and a dividend was declared 
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and distributed, covering the earnings of the period. This 
plan of manufacture and sale proved a great benefit to 
the small producer. 

A man was not permitted to be a wire drawer save 
through his connection with a guild. It was impossible for 
a man to hand down this privilege to any other, save a 
favored son. A man engaged in the industry at this 
time, and they were turbulent times, was exempted from 
military duty; they didn’t want to have him lost to them. 
That is an interesting point. 

You all know the balance of the story of wire up to 
date. 

This evening we are to have a moving picture reel pic- 
turing how wire is made to-day. 

(Slide exhibited showing making of rods.) 

When the rods have been cleaned, the next step is 
to prepare the lubricating coating so that the rod may be 
reduced in this conical-shaped hole in the hard piece 
of metal. First put on a coating of basic ferrous-sulphate, 
to prevent so called ‘‘cutting out,’’ and. on top of this a 
coating of lime. 

When the rods are being pickled in the dilute warm 
sulphuric acid in the tub, they absorb hydrogen. While 
this is not a good thing for low carbon steels, it is very 
injurious for high carbon steels. 

At the same time the lime coat is baked on by plac- 
ing the rods in bakers the hydrogen is driven off. (View 
shown.) 

The first nails were made in Paris in 1801, but the 
wire nail came into common use in this country in the 
year 1885, this being made possible by the labor troubles 
of the year. 

Question: Which plant is this? 

Dr. Horron: No particular plant. A number of 
plants were chosen in making the pictures, for it was 
necessary to find those plants that were best illuminated, 
in order to make the photographs, so you see one scene 
from one plant and one from another. 
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The invention of barbed wire was a great thing for 
the world, and much was expected of it. At that time 
the sheep-growing industry was a large one, and it was 
expected that the common curse of this industry, namely, 
the mongrel cur, would be held in bounds; but this was a 
false hope, and it was not until the present woven wire 
fence came into use on the farm, supplemented with the 
barbed wire fence, that it became possible once more to 
go into the sheep industry. 

(New view.) This is one end of the annealing fur- 
nace, in which the annealing is done by passing the wire 
through molten lead. 

(New view.) Moving through this vat, the wire is 
cleaned, and then passes into the galvanizing kettle, 
where it receives a coat of galvanizing, and as it comes 
from the end of the kettle it has more zine on the bottom 
and sides than on the top, and it is wiped to insure a uni- 
form coating. 

(New view.) This is another end of the galvanizing 
kettle. 

(New view.) This is the head or wiping end, where 
the uniform coating is made. 

(New view.) This is one of the old fence fabrics, but 
it is shown for the reason that the work of the loom closely 
resembles that of a loom weaving cloth. (Applause.) 

(New view.) There are two general types of woven 
wire fencing, the one called the *“square mesh,’’ and the 
one called the ‘‘triangular mesh.’’ 

(New view.) The next two machines shown are mak- 
ing the quadrangular mesh. This is the end of the reel, 
gentlemen. (Applause.) 

Mr. F’. N. Speller, metallurgical engineer of the Na- 
tional Tube Company, Pittsburgh, then presented mov- 
ing pictures illustrating methods of manufacturing tubes 
and pipes, and some of the company’s welfare work. 

Mr. Spetter: Mr. Chairman and members: I am 
asked to give you a word of explanation as to the pictures 
which will follow. This series of pictures, showing the 
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manufacture of steel tubes and pipes, were made to aid 
in the campaign of publicity and education which was 
inaugurated by the National Tube Company two or three 
years ago. The whole series includes the principal oper- 
ations from the mines through to the blast furnaces, steel 
works, the various rolling mills, and shows the manu- 
facture of lap-weld pipe, butt-weld pipe, and seamless tub- 
ing. Owing to the limitations of time, it will be neces- 
sary to cut down the series of pictures to one reel, the 
one showing the manufacture of lap-weld pipe. These 
pictures have excited the greatest interest among the 
users of tubes and pipe. Although the tube and pipe in- 
dustry now ranks as one of the largest departments of 
the iron and steel industry, the making of steel tubular 
goods is a closed book to most of those who use these prod- 
ucts. One object of these pictures was to bring the con- 
sumer into closer touch with the manufacturer and to 
remove the tendency to prejudice and misunderstanding 
which has existed in the past in regard to steel tubular 
products. 

(New view shown.) You will understand that the 
steel is first rolled in the form of plate termed skelp. 
These pictures start with the charging of the skelp or 
sheared plate into a heating furnace preparatory to roll- 
ing it into the form of pipe. 

(New view.) This shows the type of rolling mill used 
to bend the plate. You will notice that the edges are 
roughly lapped over. The skelp is then charged into a 
welding furnace of the regenerative type, with the lapped 
edges on top. 

(New view.) This shows the mandril on which the 
pipe is welded. You will see the mandril is placed in 
between two rolls, being held there loosely on the end 
of a steel bar. 

(New view.) Here we have the pipe passing out of 
the welding furnace over the mandril. 

(New view.) The pipe is then passed through an- 
other set of rolls to give it the correct outside diameter. 
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This represents the operation. This particular pipe is 
twenty inches in diameter. Most of this pipe is made in 
twenty-foot lengths, but we have some mills that make 
this sized pipe in forty-foot lengths. 

(New view.) This is the type of roll used to 
straighten pipe. 

(New view.) After being straightened, the pipe is 
passed on to a cooling table, on which the pipe is kept 
revolving until cold. 

(New view.) When finished, the rough ends of the 
pipe are cut off in this fashion with a cold saw. Each 
crop end is used as a test piece. 

(New view.) The object of this flattening test, as 
you see, is to develop any weakness in the weld or the 
material. 

(New view.) The end of the pipe is then rounded up 
and reamed. 

(New view.) The threads are carefully gauged. 

(New view.) This shows the hydraulic test. Every 
piece of ‘National’? pipe is subjected to an internal pres- 
sure of 600 pounds or more, according to size; every piece 
of our pipe from one-eighth of an inch up to thirty inches 
in diameter is tested in this way. 

(New view.) The system of marking the name ‘‘Na- 
tional’’ in raised letters was started a couple of years 
ago, at which time the weights were standardized. This 
work is therefore a guarantee that the pipe is up to stand- 
ard weight. (Applause.) 

(New view.) This shows testing of lap-weld locomo- 
tive tubes. These tubes are the highest type of welded 
tube made. The ends are cut as you see as in the case 
of the large pipe, and are rigorously tested. Each end 
of every tube is put through that test, which is a com- 
bination of flange, flattening, and crushing down test. 

(New view.) Here is the hydraulic test again. These 
are standard specification tests required by the railroads 
for locomotive tubes. 

(New view.) This piece of casing was crushed in by 
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a dynamite explosion from about twenty feet long down 
to a length of six feet, without fracture at the weld or in 
the steel. (Applause.) 

(New view.) This is a view showing the ore docks 
and unloading plant at Lorain. (Applause.) We are 
showing you two panoramic views here, typical of modern 
mills designed exclusively for the manufacture of steel 
pipe. They include a complete layout from the blast fur- 
naces through every department to the finishing mill. 
This plant at Lorain is a little over two miles in length 
and contains a complete system of good roads for the 
use of trucks. These roads have been made from blast 
furnace slag and have resulted in the use of that 
slag throughout the adjoining counties for the same 
purpose. 

(New view.) This shows the Bessemer department. ° 

(New view.) Here is the gravity distributing yard. 
These cars are weighed at the rate of ten a minute and 
distributed without riders. - 

(New view.) The automatic weighing scale house. 

(New view.) Type of engine used to haul the ore 
cars. 

The last scene will show a panoramic view of the 
National Tube Company’s plant at McKeesport. This 
plant occupies a rather congested piece of land on the 
river, and although about the same capacity as the Lorain 
plant, the mills are much more crowded together. The 
view starts with the blast furnaces and works up the 
river; here are the skelp mills; and finally the tube and 
pipe department,—a building which covers about twenty- 
three acres. 

_ (New view.) This is a useful suggestion from our 
distributors. A word to the wise: ‘‘Specify 
‘NATIONAL.’”’ (Applause.) 

The next reel, gentlemen, has to do with the welfare 
work. Mr. Close, if he had been here, could have 
explained this much better than I can, but we are all very 
much interested in this work. 
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(View shown.) These are views of the Shelby Steel 
Tube Company at Ellwood City, Pa. 

(New view.) Garden plots. Since this picture was 
taken the garden plots have been increased to 110, and 
the value of the product from these plots this year is 
estimated at $10,000. The company provides the land, 
ploughs it and fertilizes it. The men and their families 
do the work. The size of each plot is 50 by 175 feet. 
About 1,500 men are employed at this plant. 

(New view.) Employees at work in their gardens. 

(New view.) This playground has an average attend- 
ance of 200 a day. The company installed the grounds 
and the apparatus and pay the supervisor. (Applause.) 

These are an interesting series of views showing the 
children in the swimming pool, playing hand-ball and 
other games, view of drinking fountain, view of basket 
weaving, volley-ball after lunch, at the noon hour; Satur- 
day afternoon on the golf links. 

(New view.) These pictures were taken rear the 
plant of the National Tube Company, McKeesport. This 
is a much more congested district, and surroundings not 
quite so pleasant as those you have just seen. The com- 
pany co-operated with the city in laying out this piece of 
land as a playground, to keep the children off the street. 
The railway cars are on one side, and the street ears on 
the other. The average attendance at this playground 
runs 850 a day. It might interest you to know that the 
majority of these children range between six and twelve 
years of age, although twenty per cent. of them are four 
years and under. The main object, of course, is to benefit 
the children, but incidentally it helps in the welfare of 
the home by allowing the women to go about their work 
without anxiety or interference. 

(New view.) Sewing class. 

(New view.) McKeesport municipal swimming pool. 
This pool was put in by the city of McKeesport and 
shower baths, dressing rooms and apparatus by the Na- 
tional Tube Company. The company also laid out and 
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equipped athletic apparatus on the adjoining field. This 
pool is approximately 200 feet square, the largest of its 
kind in a city of this class. The water is chemically treated 
and filtered, and a continuous fresh supply kept flowing 
in. The whole tank is emptied and renewed once or twice 
a week. The water is from two to eight feet deep. The 
attendance here some days has run as high as 5,000. When 
you understand that the river water here frequently car- 
ries 25 grains to the gallon of sulphuric acid you can ap- 
_ preciate the privilege of neutral water to swim in. 

(New view.)  Thisis the municipal water works filter 
plant from which this water is supplied. 

(Other views of swimming pool in use.) In the win- 
ter season this pool is allowed to freeze and used as a 
skating rink. ; 

(Very interesting swimming and diving scenes.) 
(Applause. ) 

Presipent Gary: Some of the speakers on our pro- 
gram for to-night are accustomed to speaking, I suppose, 
others are not. The latter may be more or less em- 
barrassed. I want to say for their comfort that most of 
those who have had experience in speaking on public 
oceasions have just about the same feeling, no matter 
how much practice they have had. 

It may be interesting to you to tell you that on a cer- 
_ tain occasion, in New York, when a banquet was given to 
one of the members of the Institute, many of those who 
are here were present on that occasion. During the short 
time before the close of the exercises, the audience in- 
sisted upon Mr. J. P. Morgan saying something. He 
hesitated and then declined, but finally was persuaded to 
rise. He said a few words. His remarks were eloquent 
and impressive, as every one of those who listened will 
testify. They will never forget the occasion. Mr. Mor- 
gan, as he stood there, placed one of his hands on the 
shoulder of the gentleman next to him and the other on 
the table; and he told me afterwards that, except for that 
support on either side, he would not have been able to 
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stand, so embarrassed was he, so weak was he. So if 
there are any here who are not accustomed to speaking 
and when called upon tonight have any of that feeling, 
they may be satisfied that they are not the only ones. 

Another thing I want to say for their comfort is that 
it is not only the speaker who is embarrassed that suffers 
or feels he is not doing as well as he ought to. I have 
heard older ones state a great many times after our meet- 
ings when young men have been called upon to speak, that 
it was wonderful how well the young men spoke. You are 
doing very much better than you realize. And then 
another thing, you will all go home, thinking to yourselves 
as you are going, of a great many things that you ought 
to have said that would have been very much better than 
anything you did say. All speakers are exactly alike 
in this respect. Even Jim Hoyt, with all his eloquence, 
every time he goes home after a speech, thinks of some 
of the fine things he ought to have said. (Laughter.) 

Now, there is just one other thing. It has been com- 
plained that in some of our large meetings many failed to 
hear what was said by some of the speakers, because 
their backs happened to be turned as they were speaking 
from some part of the hall; and it has been suggested 
that if, when a speaker is called upon, he would come 
forward to some place upon or near this platform, it 
would be very much more agreeable to the listeners. It 
will be necessary, of course, to maintain the strictest order 
if we wish to hear what is said. And because of the 
length of the program, it will be necessary to limit the 
time of the speakers. 

I suppose that after this list which has been provided 
is finished, the audience will, as usual, call upon Mr. King 
and Mr. Hoyt and others, for a few remarks. If these 
gentlemen speak too long in the opinion of the chairman 
the gavel will come down, because we want to finish this 
program. 

The first on the impromptu list is Mr. Ralph H. Sweet- 
ser, president of the Thomas Iron Company, Easton, 
Pennsylvania. (Applause.) 
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(Mr. Sweetser was seated at the side of the room 
opposite to Judge Gary.) 

Mr. Sweerser: Mr. Chairman, it looks so far from 
here over there that I beg leave to stand here, and if I 
am not heard will some one please tell me go. (Getting 
up on his chair.) I am so short that I am going to get 
on this chair, so that I may be seen if not heard. 

My surprise at being called on for an impromptu 
speech was all over about a month ago. (Laughter.) 
But my surprise was just as great and just as genuine 
as the surprise of Mr. Butler when he is called on for 
an impromptu speech. I didn’t know what I would 
speak about, but after I heard the talk of Mr. Jones this 
afternoon on the ‘‘Under-Advertising of the Iron and 
Steel Industry,’’ and after I had heard Mr. Rogers speak 
about the vanadium worth $10,000 a pound that was put 
into alloy steel, I thought I had something to say about 
the advertising of something so common and so crude 
as pig iron. 

I have been a sort of a joke among my friends in the 
iron business for the last year because I supposed a while 
ago that pig iron could be advertised and made interest- 
ing. In a certain brand of pig iron in the Lehigh Valley, 
we have found some vanadium, and we have advertised | 
the fact, and some of the results have been remarkable. 
One of the results was that we have got a little higher 
price for our pig iron. (Laughter and applause.) 

Now, in advertising that pig iron, the thought first 
came in this way. In the Lehigh Valley district there are 
many users of pig iron. Riding in a street car one day and 

reading the car signs, I thought, ‘“Why shouldn’t we 
have a sign up there saying that we made pig iron here 
in the Lehigh Valley and that people should use home 
pig iron?’”’ I put that up to an advertising manager, a 
friend of mine, and he said, ‘‘Don’t do it, you are not 
reaching the right people.’’ I said, ‘‘What shall I do?’’ 
He said, ‘‘Go to an advertising expert.’’? I did so, and 
sent for some of the experts of the trade journals. They 
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said, ‘‘Start at the top end, and tell what you have got, 
and tell the truth.’’ That is what I tried to do. In that 
talk of Mr. Jones he said that you should tell the truth 
about your articles and try to tell only one thing at a time. 
Now, we had so many things to tell about our pig iron 
that it lasted a year and a half. And the result has been, 
as I said, in the first place commercially correct because 
we got more money. In the second place, it has brought 
attention to something that has been interesting not only 
to the users of pig iron but also to other people. 

I had the pleasure last Wednesday of being present 
at the inaugural of Dr. McCracken at Lafayette College, 
and I had the pleasure of seeing our beloved president 
get there his degree of Doctor of Laws. (Applause.) In 
that college on the hill at Easton, they have been 
experimenting with vanadium pig iron and they were so 
much interested that they have even started another 
series of tests in the vanadium alloys. 

Now, that shows you how a thing that is perhaps com- 
monplace can be made interesting. The work of that de- 
partment has proved so interesting that they are planning 
to work throughout this year on something that was just 
started as an advertising scheme. Some people say, ‘‘ Now, 
Sweetser, that is all bunco business about the vanadium 
im your pig iron.’’ Well, I answer that that is not SO, 
because they have proved it. (Laughter and applause.) I 
picked up a Philadelphia paper the other morning, and 
here is what I read— 

Question: What did it cost you? (Laughter. ) 

Mr. Swertser: ‘‘Mr. Schwab gets Thomas Iron 
Company. The significance of the Thomas Iron Company 
as a valuable asset will be shown in the construction of 
submarines with vanadium pig iron.”’ Now, we guar- 
antee that our pig iron will sink just as fast as any other 
pig iron. (Laughter and applause.) But I did want to 
say, in connection with Mr. Jones’ address this afternoon, 
that if you have anything to advertise, even though it 
may seem commonplace to you, tell the facts about it 
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and you will find that other people will be doing the think- 
ing as to what they can do with that product. The 
advertising of pig iron has become interesting; it has 
become remunerative; and I think it is going to stir up 
a lot of interest in something that has not been considered 
as interesting as steel, for instance; but I believe, as they 
say in that play that was in New York last year, ‘‘It Pays 
to Advertise.’’ (Vigorous applause.) 

PrEsipDENT Gary: We would be glad to hear from Mr. 
Daniel B. Meacham, of Rogers, Brown & Company, Cin- 
cinnati. (Applause.) 

Mr. Dante, B. Meacnam: Mr. Chairman and fellow 
members: I think that this meeting and the preceding 
meetings have proven conclusively that those who organ- 
ized this Institute were men of broad vision and high 
ideals. We all know-the many benefits that we have de- 
rived from this Institute and it is not necessary to try to 
enumerate them. We know that the mere coming together 
and the cultivation of a friendly spirit is one of those 
benefits; and while the business rivalry may be as sharp 
and keen as ever before, yet it is carried on in a very dif- 
ferent way, I think, from what it was in years gone by. 
But if we were to ask these organizers to-night from what 
source they are deriving the most satisfaction in connec- 
tion with this Institute, I thing they would tell us that it 
is not in the profit that they may have made from it, but 
in the feeling that in the welfare work promoted by it 
they are doing good to their employees and their em- 
ployees’ families. I believe that when the busy man has 
a quiet time and is thinking over the things that are 
worth while, it is the comfort, the pleasure that he has 
given to others, rather than anything that may have ac- 
crued to himself, that is a source of abiding joy to him. 

It was my privilege last month, at Atlantic City, to 
attend a conference lasting four days, of the International 
State Committee of the Young Men’s Christian Associa- 
tion and their secretaries. There were about 180 present, 
and looking over the list of membership I saw the names 
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of Cyrus H. McCormick, George W. Perkins, and James 
Bowron, who are also members of this Institute. The 
secretaries came back from all parts of the world, and 
gave accounts of the wonderful work they had done and 
of the taking hold of American ideas; some gave reports 
of the work they were doing in the war camps in England, 
France, Germany and Russia. 

But I was especially interested in the department of 
industrial work in this country done by the Association’s 
trained men, who came bringing reports from the logging 
camps of the South, the logging camps of the N orth, from 
the coal mining, the iron mining, the copper mining dis- 
tricts, from the great industries of iron and steel 
throughout the United States, where they are carrying on 
an efficient welfare work. It occurred to me that while 
many of us perhaps: had been importuned by stockholders 
during the last few years to organize a welfare depart- 
ment for their benefit, the time was coming when they 
might be cared for and there might be something left 
over to do a greater welfare work than ever has been 
attempted before. 

I saw figures of what some corporations and indi- 
viduals are doing. They have invested about $1,750,000 
in these Association buildings and plants and equipments 
and are contributing about $175,000 yearly to carry on 
the work. Some of them, in the logging camps, are very 
rude structures, and others are like that magnificent 
one at Gary, Indiana, which I think our worthy chairman 
knows about. Any of those in this Institute who haven’t 
had the time or the opportunity to work their plans out on 
the lines they wish, will find in this Association a lot of 
specialized men whose business is welfare work and who, 
if requested, will cheerfully give their time and their 
services to do anything on broad, humanitarian lines 
for the benefit of all of us. We understand the prejudice 
that some employees have against anything that is done 
for them by their employers; but these same employees 
will take hold eagerly of those things toward which they 
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can contribute of their own time and their own effort 
and where they can have a place in the committee of 
management and do something for themselves, Why may 
we not make larger use of the facilities of this great 
Young Men’s Christian Association? (Applause. ) 

Presipent Gary: Mr. William 8. Horner, of Pitts- 
burgh, Vice-President of the American Rolling Mill Com- 
pany, will now address us. ) 

Mr. W.S. Horner: Mr. Chairman and gentlemen: Dur- 
ing recent meetings of the Institute I have been much in- | 
terested in all of the papers which we have heard, not that 
I could understand them all, for I could not; there were 
very few of them that I could understand, because I am 
not a technical or metallurgical man. Nevertheless, I 
learn something from hearing these papers. I have ob- 

served that most of the papers have been from the 
operating departments of the various concerns. I think 
that now nearly all of the departments of the various 
divisions in operating have been well heard from. The 
papers represent most careful study and give to us the re- 
sult of painstaking effort, with a view to reducing cost 
and giving the public a better product. We have also on 
several occasions heard from other departments—audit- 
ing departments, purchasing departments, ete., all the way 
through. I cannot recall that there have been any papers 
from the sales departments. 

I am connected with the sales department myself, so 
what I say will be a reflection on myself as well as on you 
of the sales departments of other companies. I have won- 
dered why it was that we had no papers from the sales 
departments, and have about come to the conclusion that 
it was not the wish of the committee to demoralize the 
other departments by hearing from them. (Laughter.) I 
have a conviction that the weakest department in the 
whole business is the sales department. (Applause.) If 
the other departments had been guilty of the same serious 
stupidity that the sales departments have been guilty of, 
we would all have been in bankruptcy long ago. 
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We are not making sales today. We are making con- 
tracts; and be it known that a contract is not a sale. And 
when you consider the effort that has been made—I have 
referred to the matter of reducing cost and giving us the 
benefit of the best thought of these men of the operating 
departments, but there is very little of that that reaches 
the stockholders, by reason of the blunders of the sales 
department—you will realize what I mean when I say 
that the sales department is the weakest of the lot. We 
make contracts covering delivery over a period of six 
months, and then after the contract is made we try to 
make a sale of the first month’s quota. If we can get the 
buyer to take it and can believe what he says, we give 
him the product for the first month at his price; so that 
during the period of six months we will probably have 
made six efforts to get delivered the materials which were 
contracted for. In this manner we are making contracts 
and call ourselves salesmen. (Applause.) 

I think it is true that during the last depression—we 
are just emerging from it now, and are emerging from 
it largely because of extraordinary conditions which exist 
abroad in the furnishing of war materials, ete.—the prices 
of finished steel products reached about the lowest point 
they had ever gone, perhaps the lowest. They would not 
have gone so low, I feel, possibly you feel, if contracts had 
been mutually binding, and if the buyers had had some 
interest in the maintenance of staple market conditions, 
which they did not have. Very soon, we cannot tell, it 
may be when this war is over, we will enter another period 
of depression, keen business depression, and if, before 
that time, we can have introduced into the sales depart- 
ments of our various companies some fundamental com- 
mon sense with regard to contracts and the mutual obliga- 
tions which should go with them, we may be able to tide 
over or to bridge over that period and thus prevent the 
extreme depressions which we so often have in our busi- 
ness. I like the motto of the Institute; nothing could be 
better, ‘‘Right makes Might.’’ But I submit for your 
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consideration, that until we introduce into the sales de- 
partments of our various companies sensible and right 
methods and principles, we can not expect to make this 
motto live in our business as it is our right to expect it 
should. (Applause.) 

PrReEsIDENT Gary: We shall have the pleasure of listen- 
ing to Mr. Julian Kennedy, of Pittsburgh. (Applause.) 

Mr. Juuian Kennepy: Mr. Chairman and gentlemen 
of the Institute: Some years ago a resident of Pittsburgh 
went abroad and registered in a hotel in one of the capi- 
tals of Europe, as from Pittsburgh. The clerk said to 
him, ‘‘That is near Homestead, isn’t it?’’ (Laughter.) 

The Pittsburgh people always like to come to Cleve-. 
land, not only because it is a great manufacturing city, 
as explained by Mr. Mather this morning, but because it 
is a city of great ideals, of great civic pride, of high 
moral ideas, of progress. Mr. Mather very modestly 
didn’t tell us how much he has to do with these things, 
but I will tell you it is not a little. (Applause.) 

Cleveland is a city which years ago placed in its office 
of chief executive one of our well known iron and steel 
men, and a man also of high ideals, whom many of us 
did not appreciate at his true worth until we saw 100,000 
of the poor citizens of Cleveland waiting in the rain as 
his remains passed through the streets on the way to his 
funeral, a man who has left his impress on the whole 
United States and on the whole world, a man whose name 
will grow as the years go by—Tom Johnson. (Applause.) 
And Cleveland is a city which now honors itself by having 
as its chief executive a man of worthy ideals, and a man 
from Pittsburgh, can certainly appreciate a mayor of 
that kind. (Laughter and applause.) 

A good many years ago a very brilliant iron and steel 
man from Pittsburgh told me, as one of the fundamental 
principles of business, that next to making money your- 
self, the best thing to do was to make your competitor 
lose money. Now, it is a far cry from that to the papers 
that we heard today—young men of large companies 
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giving the result of hard, earnest, diligent toil, to all 
their competitors. It is on a different scale altogether. 
And that change in the general spirit of things is due 
largely to this society, and still more largely to the 
president of this society. (Applause.) 

And right here, in passing, I want to say that 
Lafayette is not the only university that has honored ~ 
itself by giving a doctorate to our worthy president; 
the University of Pittsburgh recently did the same thing. 
(Applause. ) 

I am glad to come to these meetings, glad to hear 
the fine papers we have, and the always thoughtful 
addresses of our president. I was very much impressed 
with his address today, and I would like to paraphrase 
a little further one quotation which he made, and that is 
that nations do not live to themselves alone. It is up 
to us to remember, while we are very cheerful here today 
because we are making money and the steel business is 
flourishing, to remember the old lady who said that her 
boys were not suffering from hard times, because every 
Sunday they made six dollars off of each other playing 
poker, (Laughter and applause.) Now, while we feel 
that this is a flourishing year, don’t let us forget that to 
a certain extent this flourishing of business is due to the 
misery of our brethren across the seas. And while busi- 
ness is stimulated by the war in Europe, I don’t believe 
there is a gentleman here who would not cause the war 
to stop this minute if he could, regardless of any possible 
profits on the business in which he is interested. 
(Vigorous applause.) Our president said today, very 
truthfully, that if the inhabitants of Europe knew the 
true inwardness of the war, the plans of the kings and 
rulers that were bringing it about, it would come to an 
end. If the people of Kurope knew, as we do, that undue 
armament always brings war and always will bring war, 
they would not have had a war. The people of Europe 
didn’t know that, but we know it; and it behooves the engi- 
neering fraternity in general not only to observe the 
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proper amount of publicity in their doings with the pub- 
lie, but it is part of their duty to guide the opinions of 
the public, which is made up of, we love to think, intelli- 
gent people. We know some of these things that many 
of the people of Europe do not. Let us not allow the 
people of this country to be stampeded into undue arma- 
ments or preparation for war, which, as sure as the sun 
shines, will bring us to war. (Applause.) 

Presipent Gary: Colonel Henry P. Bope, First Vice- 
President of the Carnegie Steel Company, Pittsburgh, 
will now address us. (Applause.) 

CotoneL Bore: Mr. President and associates: The 
statements just made by my friend from Middletown 
(Mr. Horner) have almost made me forget the extem- 
poraneous speech I was told to prepare. The only 

explanation I can make for what I regard as an extraor- 

dinary position to take is that it must be based upon 
personal experience. In my own work, covering thirty-five 
years in the line of salesmanship, I have never found 
anything to justify the statements that he has made to- 
night. 

But, Mr. Chairman, this is supposed to be an occasion 
for good feeling, good comradeship and good fellowship, 
and I don’t want to sound a single note of discord. 

The pictures thrown upon the screen to-night, which 
-we have just seen, bring in such a personal interest in 
humanity that it makes one feel that language is super- 
fluous. Yet beyond anything that has been said to-day, 
able and deep as have been the papers and their discus- 
sion, there is one thought more than any other which is 
dominant to-night, and that is that humanity has had a 
distinctly less value during the past year than it has pos- 
sessed in many years before. This is entirely due to the 
conditions prevailing abroad where the highest types of 
manhood have been simply food for powder. It has cre- 
ated a disregard for those ideals which we have hereto- 
fore possessed—the ideals that have been taught us by 
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poets and preachers through all the ages—the ideal pre- 
sented by Tennyson when he wrote in ‘*Locksley Hall,’’ 


Men, my brothers, men, the workers 
Ever reaping something new, 

The things they have done but an earnest 

. Of the things they shall do. 


And so in a brief consideration of this subject on my 
part to-night it is to put humanity on the plane where it 
ought to be. 

I am induced to make these remarks by a statement 
made night before last in the City of New York, by Major. 
General John F, O’Ryan, the head of the New York Na- 
tional Guard. In view of that statement I am almost 
tempted to indorse the words of Mr. Kennedy, although 
I am heartily in favor of the proper preparedness for 
defense in these United States. General] O’Ryan said 
that the only way to make a soldier is to absolutely drive 
every bit of initiative out of the man, pound every bit of 
individuality out of him, making him a cog in the machine 
only, and that the officer who stands behind him should 
keep the revolver upon his knee ready to enforce disci- 
pline. 

I can’t indorse such an idea even as an officer of the 
National Guard, which Tam. Ido not believe in a method 
of that kind. I believe in recognizing the humanity and 
the individuality of men, and I ean’t think that the Eng- 
lish ‘Tommy’? or the French ‘* Jacques’? to-day, in view 
of their brilliant work and splendid soldiering, require 
any such discipline as General O’Ryan would like to 
use among the young men of America. Tf we are to have 
an army let us have the American initiative, the Amer- 
ican individuality. We want the same type of men as 
went out in 1861,—the best blood and brain of the Na- 
tion. We want men of whom the Psalmist said, ‘They 
were created but little lower than the Angels,’’ and whom 
Shakespeare, through the mouth of the moody Dane, de- 
scribed in those wonderful words: 
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What a piece of work is a man! How noble in reason! 
How infinite in faculty! In action how like an angel! 
In apprehension how like a god! 


That is my ideal of American manhood. So the 
thought that I would like to leave with you to-night is 
that we do not want any lessening of this ideal. And in 
any consideration of such a value it is not necessary to 
consider what that great organism we know as the Ger- 
man army produces in the way of a well-regulated ma- 
chine. After all, the highest type of a soldier, as the 
highest type of a man, is the one who performs his duty 
from a sense of duty and from the obedience that comes 
from his knowledge that it is what he ought to do, not 
merely what he must do. It is the same ideal as was 
expressed by Antony over the body of Brutus: 


‘“This was the noblest Roman of them all. 
His life was gentle, and the elements 
So mix’d in him, that Nature might stand up 
And say to all the world, ‘That was a man!’ ”’ 


Lastly I should ask that we as manufacturers do not 
so far carry the idea of organization as to produce a 
mere classification among our employees; with the result 
that no matter what may be the talents, the genius, the 
capacity and the experience of men, so long as they are 
in a particular class they can get no farther. The time 
has not yet come in this great republic of ours, so full of 
opportunity, for anyone to set up a dividing line and say, 
‘‘Thus far and no farther.’’ (Applause.) 

These Institute meetings of ours are wonderful oppor- 
tunities. They promote a real and a broad humanity. 
They have encouraged social comradeship, they have 
created ties among us which have made the doing of busi- 
ness easier. They have made everyone of us a little bit 
wider in judgment,—a little bit higher in our ideals, and 
as we go on learning to appreciate each other better, as 
we are doing, we can readily see how wonderfully im- 


542 AMERICAN IRON AND STEEL INSTITUTE, OCTOBER MEETING 


proved will be our methods and how much greater will 
be our successes. (Applause.) 

Presipent Gary: Under the circumstances, I think I 
am justified in saying, with reference to this question of 
armament, that perhaps there is no real difference be- 
tween the two speakers who have so eloquently referred 
to this.subject. Ail of us love peace and hate war. We 
would be glad if all the nations could be disarmed and 
were disarmed because unnecessary to be armed. Some 
believe that if there were no armaments there would be 
no war. Others believe it is largely a necessity on the 
part of any single government to be prepared to protect 
itself. But, after all, it is a question of opinion as to 
what is necessary and what is not necessary. 

The next speaker is eminently successful in his own 
business, but never to the prejudice of a competitor or of 
another. His belief and his ideal is that we help our- 
selves best when we help others. He is the advance 
agent of good will, of good treatment of others, and of 
prosperity generally. I introduce Mr. Clarence H. How- 
ard, President of the Commonwealth Steel Company, 
St. Louis. 

Mr. Howarp: Mr. Chairman and fellow members: It isa 
great pleasure to be here to-night, but I find myself a good 
deal like the young man who asked the old gentleman for 
the hand of his daughter. He said the young man hadn’t 
made his way and therefore he couldn’t let him have his 
daughter. Thus spurred to effort the young man said, ‘‘T 
will make my way,’’ and he started West to build himself 
up. He did build himself up, and then he wrote a long 
letter to his sweetheart, telling her what he had accom- 
plished. Like all lovers, towards the end of the letter he 
became poetic and said, ‘‘I builded better than I knew.’’ 
She said, ‘That will get dad, sure.’’ But the old gentle- 
man was a little hard of hearing. When she read the 
letter to him and looked up for an answer, the old man 
said, ‘‘That is just what T thought about that kid, he bit 
off more than he could chew.”? (Laughter.) Now, I am 
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not altogether sure that that is not what I have done to- 
night in accepting this invitation. 

My subject is Fellowship, the basis of safety first, of 
effective team work, of success. Only a small part of 
safety can be had by mechanically safeguarding ma- 
chinery, but most must come through true Fellowship. 

We all know that the acme of workmanship is willing, 
skillful workmen. Skill is doing the right thing the first 
time. A willing man not skilled, or a skillful man not 
willing, will not get results. Skill and Will must be com- 
bined through Fellowship. 

We have chosen the name Fellowship in contradistinc- 
tion to Welfare, because Fellowship puts all on the same 
plane, from office boy to president, to work problems out 
together and thus avoid any sense of paternalism. 

Under our Fellowship Department we have club house, 
lunch rooms, steel lockers, commissary, dispensary, safety 
first activities, refrigeration plant with a sanitary foun- 
tain every 50 feet through the plant, and other things of 
similar nature. Last but not least is our school where we 
endeavor to inspire each one to develop his capabilities 
to the utmost. Thus he becomes helpful to others and 
enjoys the reward of accomplishment—which again spell 
Fellowship. | 

Our worthy chairman, Judge. Gary, has, through his 
example, shown that true co-operation, not competition, 
is the life of trade and the security to commercial activi- 
ties and the safeguarding of our American institutions. : 
He knows that ‘‘the right way gives us the right of way.”’ 
We all, I think, are coming to know we are selling ser- 
vice—not merely materials—and service must be ex- 
pressed in safety, efficiency and economy. Then the ques-_ 
tion is not first cost, but to give and get the greatest 
amount of service for each dollar expended. Our chair- 
man has shown us that it is not what we say, but 
what we practice and understand of what we say, that 
counts. 

Fellowship is a comprehensive vital force, always 
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finding expression in the Golden Rule. It broadens our 
views, increases our abilities, enriches and purifies our 
character. Fellowship is the basis of all ‘‘Safety First’’ 
activities, and without Fellowship there can be no real 
and lasting success in any undertaking. It establishes a 
higher civilization and progress. Its very nature 
makes it unselfish, therefore it cannot exist alone but re- 
quires all mankind to share it. One of its chief founda- 
tion stones is co-operation. 

Fellowship steadies our boat, calms the storm, en- 
riches our lives, and produces most effective team work. 
Fellowship never fails, nor is it ever expressed in vain, 
though it does not always meet with an immediate re- 
sponse. In families Fellowship establishes a practical: 
co-operation in working out the problems of the day. 
_ Therefore, the home becomes an important factor and aid 
in establishing universal Fellowship. 

So, you can see, Fellowship will aid in ending strife, 
worry, strikes, and not only end wars but eliminate their 
possibility, for in Fellowship there can be no elements 
of prejudice, hate, envy, malice, greed or ‘‘who shall be 
greatest.’’ 

Think of the progress in the steel world. 

Progress is the shortest distance between two points, 
from the thing desired to the thing accomplished, illus- 
trated by the main line of a railroad, with success of 
accomplishment as our destination. We start down the 
main line and soon encounter a switch or temptation 
called Prejudice (the greatest foe to Progress), which, if 
indulged in, automatically opens and lets us on side 
track, which is rough and leads to nowhere and we are 
compelled to return to same switch in order to again 
start on line of progress; thus losing much time. So, 
we find this main line of Progress lined with temptation 
switches, such as dishonesty, anger, hate, envy, drink- 
ing, gambling, and ‘‘who shall be greatest,’’ ete. The 
man, company, state or nation that avoids these tempta- 
tion switches will arrive at destination, Worthy Achieve- 
ment, much more quickly and surely. (Applause.) 
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I would like to clinch what I have said with the follow- 
Ing story: 

A lady went to Heaven, and when she arrived she was 
questioned as to whether she had been good and read her 
Bible, and what part of it she liked best; and she said 
that the thing in the Bible that interested her most was 
where it spoke of the mansions that were built by the 
Heavenly Father for His children. ‘Well, then,’’ asked 
the guide, ‘‘you are looking for your mansion?”’ ‘‘Yes.”’ 
She was taken down the line and saw a most beautiful 
mansion. She said, ‘‘Oh, that must be mine.’’ ‘No, 
that is not yours.’’ Finally they came to a little log cabin 
and her guide said, ‘‘This is your mansion.’’ She be- 
came very much disturbed, and said, ‘‘ What, is this all 
that my Heavenly Father has prepared for me? Think 
who Iam; Iam Mrs. Soandso.’’ He said, ‘‘ Well, Madam, 
I am very sorry indeed to have you feel this way, but I 
was on the committee in your case, and you had the most 
careful consideration, and really it was a most difficult 
task to build even this little log cabin out of the material 
you sent here to build with.’’ And then she looked across 
the street and saw a beautiful mansion, and she asked, 
‘‘Whose is that?’’ He replied, ‘‘Soandso’s.’’ She said, 
‘Why, that is my gardener; how in the world could he 
have such a mansion as that?’’ And he replied, ‘‘That 
is the material he sent here to build with.’’ (Applause.) 

So the lesson here today is that each one of us should 
be sending out thoughts and deeds, such as we want 
our business, our homes, our schools, our city and our 
nation built of. If we have not been doing this, the time 
should be now that we begin to do so. I thank you. (Ap- 


_ plause.) 


Presipent Gary: Mr. William P. Palmer, President of 
the American Steel and Wire Company, Cleveland, will 
now address us. 

Mr. Parmer: Mr. President and members of the In- 
stitute: Frankly, I feel like a man out of a job. If I had 
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any ideas on the subject of impromptu speech-making, 
they have been anticipated and tramped over. 

However, I would like to reinforce a thought that has 
been with me for some time. The present great prosper- 
ity in the iron and steel business, we certainly know, in 
large measure is built on the misery and misfortune of 
other people. Of course we will cash in, but it seems to 
me that we shouldn’t have the future clouded. If we will 
only look backward and consider that history repeats 
itself in the matter of lean years and fat years, we might 
learn some lessons for the future. 

We are certainly in the fat, but viewing the past, it 
would seem to me—and I shan’t make the mistake of shov- 
ing the burden on any one department, we will go right 
clear up to the head—the iron and steel people are punk 
sellers. We don’t get enough for our goods. Whether we 
don’t know how or whether we don’t intend to, is imma- 
terial. The fact remains that four years out of every five, 
the buyer gets the better of the seller every time. I 
think that I myself have been in a blue funk when I 
have heard of the other fellows’ prices, and we have gone 
them one better, and bye and bye we have all gone about 
ten degrees below the irreducible minimum. (Laughter 
and applause.) 

Now, we are making big profits, all of us, to-day and 
to-morrow, but it is nothing of our making, it has hap- 
pened to come to us. But can’t we all learn some lesson? 
If we cannot regulate buying, and inasmuch as selling has 
been so beautifully unregulated, cannot we protect our- 
selves in some way? We all know that when the price is 
low people buy only what they absolutely need, and then 
load up when the price is advancing. They do this by 
‘‘contract,’’ and every man here knows that if the price 
would drop to-morrow such contracts are not worth the 
paper they are written on and that they are merely op- 
tions. Something has got to be done. It can’t be done 
to-night or to-morrow, but intelligent study. will teach 
us the value of team work. If we all conduct our busi- 
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ness along this line, as Mr. Horner said, instead of each 
one for himself, we can secure a better return on our in- 
vestment. (Applause.) 


Present Gary: We will now hear from Mr. James 
Inglis, President of the American Blower Company, 
Detroit. 

Mr. Ineuis: Mr. Chairman, when I was asked to speak 
at this dinner, I first thought of refusing, but am glad I 
did not, as I never heard a lot of frightened after-dinner 
speakers given such a reassuring send-off as we received 
to-night from the toastmaster. I view my limited abilities 
as a speaker somewhat as President Wilson does his 
beauty. I understand that he does not consider himself a 
handsome man—at least he didn’t a few years ago. Per- 
haps since he has become such a successful wooer under 
the handicap of years, he has changed his mind. But a 
few years ago he put it in a limerick this way: 


‘‘My face for beauty is no star, 
As it’s easy to see from afar; 
But I don’t mind it, 
Because I’m behind it— 
It’s the man in front gets the jar.”’ 


I wish also to speak of the welfare work that has been 
so much the theme of previous speakers. I speak of it 
somewhat as an outsider. I am a member of the Insti- 
tute, though I never knew just why. It is made up prin- © 
cipally of the manufacturers of iron and steel, and just 
why we poor victims who have to buy your product at 
most extortionate rates are admitted to membership, I 
_ never understood. (Laughter.) 

As to the welfare work, I think it is a matter of won- 
derful importance to the industrial progress and the pros- 
perity of America that the iron and steel industry has 
taken such strides along this line and has blazed the way 
for every other manufacturer to follow. I blush to think 
of the time spent in years past, on the board of the Asso- 

ciated Charities, Children’s Aid Society and such organi- 
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zations, while it never occurred to me that I had a family 
in my own works that I never did anything for. Since 
this movement started, it has been one of the most grati- 
fying things to me to see what has been accomplished. 
A little attention paid to that work brings most gratify- 
ing results to the employer. Of course, all this work 
that is being done by manufacturers is looked upon now 
by some as a mere sop to head off the activities of agi- 
tators, but I think that will wear off because the em- 
ployers, most of them, are not doing it from selfish 
motives and are in dead earnest. 

We have in our town a citizen, more or less obscure, 
by the name of Henry Ford. It is not my intention to 
refer to his remarkable payment of a $5.00 minimum 
wage, or to his welfare work. I think his motives are 
most sincere in establishing that rate, and I think his 
views on fellowship are behind it. But I want to speak 
about his hospital. Recent numbers of the Institute Bul- 
letin have devoted much space to the subject of hospitals. 
Just a word about what Mr. Ford is doing along that line 
in Detroit. 

The Henry Ford Hospital now can care for 160 pa- 
tients, but it is intended ultimately to have 2,000 rooms, 
every patient to have an individual room, at a maximum 
rate of $2.00 a day, including all medical and surgical 
attendance, and to provide hospital facilities for that 
great middle class that now have no means of getting it, 
as well as to the poor. He operates this hospital on 
somewhat original lines, as he has certainly introduced 
original methods in his manufacturing. For instance, 
the nurses do not live in the hospital at all. They work 
eight hours a day, and they are compelled to live entirely 
away from the hospital so as to come in fresh to their 
work. Later on it is his intention, I think, to have the 
internes do the same. 

A hospital operated on such a plan, of course, will re- 
quire an endowment of several millions, which I under- 
stand it is Mr. Ford’s present intention to provide. So 


ee 


NL | 


POSTPRANDIAL REMARKS—INGLIS 549 


far as I know, there is not another hospital anywhere 
based on this idea of taking care of patients who are only 
able to pay a very moderate sum and still would die rather 
than accept charity. Mr. Ford’s plan proposes to fill the 
gap between charity cases and the ordinary hospital 
charges which, including medical and surgical attendance, 
are such as to make it necessary to discount earnings for 
years to follow. 

In diseussing the subject of hospitals, our minds natu- 
rally revert to the present conditions in Europe. The 
previous speakers have referred to the war. Of course, 
that is a subject that is in all of our minds all of the time. 
The side of the question that appeals to our sympathy 
comes first, but we naturally also consider, with some ap- 
prehension, perhaps, what business conditions we will be 
called upon to face when the war is over. Although it is 
largely a matter of guesswork and the experts disagree, 
we must be prepared, as far as possible, for rapid and 
perhaps unexpected changes in industrial conditions in 
this country. It will no doubt tax our ingenuity as it 
never has in the past to develop methods of efficiency in 
manufacturing, which may, of course, be supplemented by 
revised tariff laws, but aside from these aspects of the 
case our efforts should be directed to the maintaining of 
the most cordial relations with our employees, meeting in 
advance, so far as our conditions and profits will permit, 


all reasonable demands as to wages and working condi- 


tions, all of which is more or less related to or supple- 
mented by this welfare work which has been so fully dis- 
cussed here this evening. (Applause.) 


Presipent Gary: This completes the list of speakers 
prepared by the committee, but it does not exhaust either 
our time or our speaking talent. Whom else do you de- 
sire to hear from? 

Cries of ‘‘Butler’’ and ‘‘Uncele Joe.’’ 


Preswent Gary: Our trusty friend, Colonel Joseph G. 
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Butler, Jr., Vice-President of the Brier Hill Steel Com- 
pany, Youngstown, is called for. 


Mr. J. G. Burier, Jr.: Judge Gary and fellow mem- 
bers, and those higher up (looking at the gallery): Not- 
withstanding the enforced absence of our Director, Mr. 
Schwab, I feel that this is a joyous occasion. I have en- 
joyed it very much. These impromptu addresses where 
you get three weeks’ notice are very valuable. (Laugh- 
ter.) In the absence of Mr. Willis King, who usually has 
an impromptu address at hand, I have one here. (Taking 
paper from pocket.) 

I wish to announce to this assemblage that here and 
henceforth we will have to address our worthy president 
as ‘‘Dr. Gary.’’ I learned to-night for the first time that 
he has been made a Doctor of Laws by one of the oldest 
and greatest educational institutions in this country, 
Lafayette College. (Applause.) In view of the beautiful 
Biblical illustration that the J udge made this morning 
in his remarks, I think the next degree we will give him 
will be Doctor of Divinity. (Laughter and applause.) 

We certainly have had an interesting day. I was 
greatly impressed with the moving pictures of the Na- 
tional Tube Company. I am pleased to compliment the 
gentleman at the head of the National Tube Company, 
Mr. W. B. Schiller, as a Brier Hill product, and all Brier 
Hill products are the very best. (Applause.) 

I listened with a great deal of attention to Mr. Math- 
er’s discourse this morning. He told us of the city of 
Cleveland and its industries in a very comprehensive and 
illuminating way. It may not be known to all of you, it 
certainly is to some of us, that this meeting was originally 
intended to be held in Youngstown. As a matter of fact, 
the invitation had been voted upon and accepted; but 
after a careful consideration by our Youngstown asso- 
ciates, we thought that we were not able—at least some 
of us thought that we were not able—to take care of 
this vast number who have shown up here today. Now, 
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it seemed to me there was one way of doing this, which 
was to take care of what we could in our new hotel and 
then to throw the town open, with genuine Youngstown: 
hospitality. I think, if I had had my way, that we would 
have given points to even Birmingham. But I was over- 
ruled, and the next question was where this fall] meeting 
should be held. Now, I want to say to you that Cleveland 
was considered so appropriate a place that it didn’t even 
have to apply for it, and that is why we have it here. 
(Applause. ) 

I haven’t said anything about this carefully prepared 
speech. In view of the fact that we expected that this 
affair would be at Youngstown, I had prepared a few 
facts, and I am going to boil them down, and if the J udge 
will shake his gavel there, it will be all right, I will quit 
in just a minute. It is getting late, but I am going to 
tell you just a few things about Youngstown and its in- 
dustries, in competition with Cleveland. (Laughter). 

Youngstown is the heart of the greatest wealth-pro- 
ducing district in the United States. We have four great 
trunk lines of the country within an area of two hundred 
feet. Onan area of three square miles, Youngstown being 
the center, is produced more iron and steel than on any 
other single area of the same size in the world. (Ap- 
plause.) $200,000,000 are invested in manufactures, 
$123,000,000 in iron and steel, $10,000,000 more appropri- 
ated for additions to those steel plants—mostly Cleveland 
money. (Laughter.) In addition to that, many of you 
know that it is contemplated by the United States Steel 
Corporation to build at McDonald, a suburb of Youngs- 
town, some additional mills. Mr. McDonald is very 
anxious to build these, and I am assured by Mr. Farrell 
that it is the intention to do it. I hope the finance com- 
mittee of the United States Steel Corporation will take a 
few minutes off and appropriate about half an hour’s 
income to this purpose. (Laughter.) 

Youngstown’s annual payroll is $35,000,000. We have, 
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. in number, more parks in Youngstown than you have in 
Cleveland. Now, I haven’t anything against Cleveland, 
but in view of the fact that this meeting should have been 
held in Youngstown, I want to tell you that we have one 
park that has more acres in it than all the parks together 
in Cleveland. (Laughter and applause.) We have a 36- 
hole golf course—you have to go around it twice to make 
it. (Laughter.) The Mahoning and Shenango Valleys 
produce one-fourth of all the pig iron made in the United 
States. (Applause.) Incidentally let me say this: Gentle- 
men have talked here about contracts being options. I 
want to say to you, in all earnestness, that that is the 
fault of the seller and not of the buyer. I have been sell- 
ing pig iron for more than a half a century, and in all 
my experience I never yet made a pig iron contract that 
wasn’t carried out literally. (Applause.) 

By. the way, I think I have already mentioned that 
Mr. Mather made a very illuminating and comprehensive 
address this morning. He told about the increase in 
Cleveland’s population. In 1860, Youngstown contained 
2700 people, in 1915, 115,000, a very much greater per 
cent. increase than that of Cleveland. (Laughter.) The 
birth rate in Ohio, by the authorities, is the largest of 
any state in the Union, and at least 99 per cent. is pure, 
the real thing, legitimate. We contribute our full share 
at Youngstown. (Applause.) 

Speaking of Cleveland, Cleveland has, according to a © 
Chamber of Commerce leaflet, 43 of the most modern blast 
furnaces in the country, located within 65 miles of its 
Public Square. (Laughter.) In Youngstown which, as 
many of you know, is half-way between Pittsburg and 
Cleveland, if I should undertake to give you the same kind 
of statistics, we have got within 65 miles of Youngstown 
185 blast furnace plants. (Laughter and applause. ) 

There are other gentlemen here that have been noti- 
fied that they are to be called on. I thank you sincerely 
for the attention you have given me. (Applause.) 
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Presipent Gary: Whom will you have next? 
Cries of ‘‘Hoyt.’’ 


Presipent Gary: Our old friend, James H. Hoyt, of 
Cleveland, is called for. 


Mr. Hoyt: Mr. President, ladies, and gentlemen: 
What the previous speaker has said concerning Mr. 
Henry Ford and the Ford motor car reminds me of a 
story of an Irishman. A friend of his asked him how he 
was getting along. ‘‘Foine,’’ said he. “I’m doin’ fpine, 
but I don’t want many people to know what I am doin’.”’ 
‘Why not?”’ said his friend. ‘‘Because I’m agent for the 
Ford motor car, and it would break me mother’s heart 
if she found it out. She thinks I’m tendin? Dae 
(Laughter. ) : | 

Years before Judge Gary began his essential labors 
for the benefit of the business world, years before he 
began to preach the gospel of ‘‘Peace on earth, good will 
toward men”’ in business matters, Thackeray anticipated 
one of the things the judge said to-night in introducing 
the impromptu speakers. The great novelist said, you 
will remember, ‘‘How witty one can be at a dinner party 
the day after.’’ (Laughter.) 

When this association was first formed, if I recollect 
correctly, it was suggested by a periodical of the ‘“vellow 
dog’’ variety, published in the great metropolis, that all 
those were eligible for membership in the Institute who 
‘“‘make iron and steal for a living.’’ (Laughter.) Thack- 
eray says, to quote from him again, ‘‘Definitions never 
are complete,’’ and this one is not accurate, because there 
are very many of us, earnest and enthusiastic members 
of the Institute, who, whatever else we may do, do not 
make iron! (Laughter.) 

And the reason why we are members of this great 
association is obvious. It is because the industry which 
you gentlemen represent is the very heart of the great 
complicated commercial organism which we call business. 
The iron and steel trade is the barometer. When it goes 
up, we go up with it; and when it goes down, we go 
down too, whatever may be our vocation. When the 
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great heart is sound and doing its work effectively, its 
bounding pulses send inspiration to every remote por- 
tion of the great organism, but when the heart languishes 
and grows weary and weak, as it has for the last few 
years, then the whole great body becomes feeble and 
inefficient, and suffers even to its very extremities. In 
other words, when you gentlemen, who represent your 
great industry, are prosperous, then the men of every 
other calling are prosperous, too. I won’t even except 
the clergy. (Laughter.) At any rate, I won’t except 
those members of the sacred profession who are true to 
their high calling, who decline to sacrifice sanctity to 
sensationalism, and who do not bother themselves very 
much about woman’s fads and fancies and fashions, and 
who do preach the gospel according to St. John. 
(Applause.) They are the ones who get an inspiration 
from your example, not only from your thrift and econ- 
omy, but from your helpfulness to others, even though 
they may be competitors—because under the wise guid- 
ance of your President, I think that, more than any other 
class of men I know, you obey St. Paul’s injunction,- 
‘Be not slothful in business, fervent in spirit, serving 
the Lord.’’? (Applause.) 

Now, during the last two cold and eruel winters, 
Judge Gary has been predicting the coming of prosperity 
every six months at each semi-annual meeting of the 
Institute. The fulfillment of his prophecy has been de- 
layed somewhat, but ‘‘all things come to him who waits,’’ 
and it looks now as if his prophecy were really coming 
true, for the sun of prosperity has risen above the hori- 
zon, and we are all, in a way, basking in its beams and 
rejoicing in their genial warmth. But, as has been said 
here this evening, our rejoicing is tempered by a poignant 
and sincere regret, for the reason that the dreadful war 
which is being waged abroad has, to a certain extent, 
taken the place of a proper and intelligent protective 
tariff, and, to that extent, the sufferings of others have 
inured to our benefit and comfort. Itis a pleasant thing 
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that your furnaces are in full blast, and the hum of 
your machinery is grateful to our ears. And yet, amid 
the noise and buzz of your thriving business, we cannot 
shut our ears to the wailing and weeping of dishonored 
and widowed women, to the cry of maimed and orphaned 
children, and to the groans of the wounded and the dying. 
The horrors of the war are fittingly represented by a 
single incident, which is the climax, as it were, of its 
brutality and Savagery. Only last week a nurse, Miss 
Cavell, having been tried by court-martial at five o’clock 
in the afternoon, was shot to death at sunrise on October 
12th, by a file of soldiers. With the highest and most 
exalted courage, she declined to be blindfolded, and she 
stood up before the firing squad undaunted and unafraid, 
and met death with a heroism worthy of the noblest and 
the highest place. (Applause. ) 

I am glad that I belong to a country in which such a 
brutal and savage deed of shame would be impossible. 
There are no soldiers in the American army, as now con- 
stituted or as hereafter enlarged, who could be found to 
fire at a defenseless woman, whoever ordered them to 
do so; no officer in the American army could be found 
who would give such an order, and no American court- 
martial could be constituted that would record such a 
brutal and hideous decree. (Applause. ) 

While we are to an extent gainers by the war, others 
are greatly suffering by it. As Mr. Kennedy has said, 
there is not a man here who does not wish and hope 
that the dreadful carnage will cease, regardless of any 
profits he may make as a result of it. (Applause.) It 
therefore becomes important for us to see to it that our 
industries are protected and aided when the war ceases ; 
protected not by death and destruction and suffer. 
ing, but by a proper and judicious protective tariff. 
(Applause.) And we ought to see to it that this great | 
question of the tariff is no longer a football of the poli- 
ticians, is no longer passed upon by men who care for 
votes rather than for sound and proper business pros- 
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perity. The tariff is not inherently, and should never be, 
a matter of party politics, because the welfare of the 
whole country, to whatever party its citizens belong, 
depends on a wise and proper tariff. It has been well 
stated over and over by Ex-President Taft, and by our 
own Mr. George W. Perkins, that a tariff commission 
of experts should be established, who know the needs of 
the country and its necessities, and that this commission 
should make suggestions to Congress to lower the tariff 
rates wherever necessary, and to raise them wherever 
necessary, in order to protect the great industries of this 
country. Unless this is done, when the war is over your 
business and our business will languish again, for if we 
would succeed commercially, the well paid and intelligent 
labor of America must be protected against cheap labor 
from abroad. (Applause.) 

It seems to me that there are a good many signs of 
encouragement. In the first place, we have at last recog- 
nized somebody in Mexico. Whether his moral char- 
acter is all that we might wish is another question; but 
at any rate, he has been recognized, and that is some- 
thing. In the next place, Mr. Bryan seems to have been 
eliminated. There is a world of gladness in the thought. 
He talks about going abroad, you will remember, in 
order that he may, with his persuasive and practical 
eloquence, induce the warring nations over there to drop 
their arms and make a permanent peace. I think hé 
ought to go. Such an appeal from him would be very 
effective. He could undoubtedly touch the heart of the 
Kaiser, if any man could. I think his plea for peace 
would be as effective as a plea for ‘‘safety first’’ made 
by a fly on the rim of the hind wheel of a sixty horse- 
power motor going at the rate of seventy miles an hour 
would be. (Laughter.) 

In the next place, the administration seems to have 
had a change of heart on the subject of national defense. 
Even Mr. Daniels thinks our navy ought to be improved, 
and the President has committed himself to a larger 
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army and a better navy. I do not disagree with Mr. 
Kennedy when he argued against having too much arma- 
ment. He qualified his remark by the use of the word 
“‘unduly,’? and I agree with him. We do not need a 
navy or an army unduly large, but we certainly do need 
both a navy and an army large enough to properly pro- 
tect us in case of aggression. (Applause.) I am not 
anxious that our country should go to war, nor do I think 
that any other American citizen is anxious for that 
dreadful contingency; but I do believe, and I think the 
majority of Americans believe with Washington, that 
the way to prevent war is to be prepared to repel aggres- 
sion. We have no desire to take any other country’s 
territory. We are not in favor of spending one cent for 
aggression, but I do believe that we are ready and willing 
to spend millions for defense. (Applause.) 

This great country ought to be in the position of 
Mr. O’Connor. Mrs. O’Connor lived in a house adjoin- 
ing that of Mr. McCarty, and went down in her back 
yard one Sunday morning and found her neighbor 
busily writing something on the fence. ‘The top o’ the 
marnin’ to you, Mr. McCarty,’’ said Mrs. O’Connor. 
‘You seem to be workin’ very hard on Sunday, the 
blissed Lord’s day.’’ ‘‘I am,’ said Mr. MeCarty..2¢'1 
have a long and hard job before me.’’ ‘What may ye be 
doin’, Mr. McCarty?’’ said Mrs. O’Connor. “I am 
writin’ down,’’ said Mr. McCarty, ‘‘the names of all the 
men in this ward that I ean lick.’’ ‘*Well,’’ said Mrs. 
O’Connor, ‘‘that ought not to take you long.’’ ‘Oh, yes 
it will, it will keep me busy all day.’’. ‘‘Is O’Connor’s 
name there by any chance?’’ she asked. ‘‘Is O’Connor’s 
name there?’’ said McCarty, ‘‘it heads the list.’’ = Obs 
does it,’’ she said, ‘‘I’ll have to see about that.’’ So 
she rushed into the house and awakened O’Connor, and 
said to him, ‘‘McCarty do be writin’ on the fence the 
names of all the men in the ward he can lick.’’ ‘‘Is my 
name there?’’ said O’Connor. ‘‘It heads the list,’’ said 
Mrs. O’Connor. ‘‘Holy smoke,’’ said O’Connor, ‘I'll 
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have to see about that.’’ So he put on his shoes and 
his coat and went down and said, ‘‘ You seem to be busy 
this holy day, McCarty.’’ ‘‘Yes,’’ said McCarty, ‘‘I have 
a long and hard job before me.’’ ‘‘What may ye be 
doin’, McCarty?’’ ‘‘I am writin’ down the names of all 
the men in this ward I can lick,’’ said-McCarty. ‘‘That 
you can lick?’’ said O’Connor. ‘‘I am,’’ said McCarty. 
‘‘Is my name there, McCarty?’’ ‘‘It heads the list,’’ 
said McCarty. ‘‘The divil it does,’’ said O’Connor, and 
taking off his coat he jumped over the fence and said, 
‘*McCarty, you can’t lick me. You can’t lick one side of 
me.’’ ‘‘Are ye sure of that?’’ said McCarty. ‘‘I am so 
sure of it,’’ said O’Connor, ‘‘that I am ready to prove it 
to you this minute.’’ ‘‘Then,’’ said McCarty, ‘‘I’ll lave 
your name off.’’ (Laughter.) 

I am sick of American bluster and brag. It seems to 
me that unless we are careful, our national life will be 
innoculated with the poisonous virus of complacency. 
I want our country to be in a position such that when 
any other nation is making up a list of the nations it can 
lick, it will ‘‘leave off’? the United States of America. 
(Applause.) 

Our motto is not ‘‘to grab and to keep,’’ but our 
motto should be ‘‘to have and to hold what the fathers 
fought for,’’ and in order to do this, gentlemen, we must 
be adequately and properly prepared. (Applause. ) 


Presipent Gary: Judging the present from the past, I 
had supposed some of the speakers to be called upon, at 
least, were inexperienced, but I find they are all old 
stagers. Therefore, I withdraw my remarks. Now the 
meeting is yours. It is your privilege to call on any one 
to speak. And now, gentlemen, whom will you have? 

Cries of ‘‘Farrell.’’ 


Presipent Gary: Mr. James A. Farrell, chairman of 
the Committee on Program is called for. 


Mr. Farretu: Mr. Chairman and gentlemen: On be- 
half of the Committee on Arrangements I desire to ex- 
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press the thanks of the committee to those gentlemen who 
have so ably presented the papers today and to those who 
discussed them, and to those who spoke this evening. 
The membership of this Institute are enabled through 
these semi-annual meeting to interchange opinions con- 
cerning metallurgical and commercial subjects and by the 
fruits of their experience benefit each individually and 
the industry as a whole. 

The committee have had some difficulty from time to 
time in securing a suitable number of papers for each 
meeting, and at times the committee is obliged to obtain 
these papers, I might say, by conscription. And the com- 
mittee suggests that for the next meeting, in May, 1916, 
suggestions concerning subjects and titles of papers be 
submitted to Secretary McCleary, and the committee will 
endeavor to keep in view the fact that it is the desire of 
the Institute to have not only practical papers, but papers 
representing the live subjects of the day. (Applause.) 

The meeting in Cleveland has been, I think, one of the 
most successful in the history of the Institute. The papers 
were certainly of a very high order, and indicated that 
great care was displayed in preparing them. It is to be 
hoped that the research work that is going on in the in- 
dustry will continue, and that at our next meeting we will 
have papers that will be equally as well considered as 
those which we have heard to-day. (Applause.) 


Present Gary: What is your further pleasure, 


gentlemen? 
Mr. Willis L. King was called for. 


Mr. Kine: Mr. Chairman and gentlemen of the 
Institute: I am certain that we all feel repaid for coming 
here, at whatever inconvenience and cost, in hearing 
the address of our President and the many interesting 
and valuable papers read by the members of the 
Institute. I can speak for the officers and directors when 
I say that their efforts are greatly appreciated. 
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The authors have given their time, talents and experi- 
ence freely for the benefit of the general steel industry 
and it is our hope that they may feel repaid, at least in 
some measure, in the consciousness that they have added 
something valuable to the sum total of scientific and 
practical knowledge of the steel art. 

Our president’s address was, as always, an inspira- 
tion to us. His knowledge, experience and qualities of 
mind admirably fit him to advise us. On a memorable 
occasion some years ago I said that we respected and 
loved him because he practices what he preaches, for 
when he sets up a high standard of business morality he 
asks us to follow, not precede him. 

In his address this morning he touched upon the most 
interesting question of the day to business men, ‘‘When — 
will the war end, and how then will business be af- 
fected?’ 

Perhaps it is a wise limitation imposed upon us that 
the present only is within our grasp and that we may 
only judge the future by the past. Herein lies the diffi- 
culty, for there is no precedent for this titanic war, and 
we must await the result with what patience we may. 
It is probable that in time we must bear our share of 
this great economic waste; but for the present, while 
we do not desire to thrive on the misfortunes of others, 
and regret that we are indebted to the war rather than to 
healthy and normal conditions at home, yet a large part 
of the world is dependent upon us for its commercial 
needs in steel and other commodities, and we cannot do 
less than accept this opportunity thrust upon us at a 
time of depression in the domestic market. 

However, it seems reasonable to expect that, when 
the peoples of Kurope, now at war, return to peaceful 
occupations, their attention and activities will be directed 
first to the re-establishment and expansion of their export 
trade. Lack of capital will prevent for years the replace- 
ment of the vast properties destroyed during the conflict, 
and they must acquire inflowing capital from exports. 
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When that time arrives, they will find in this country an 
obliging tariff law right at their hand, unless in the 
meantime repealed. In my opinion, we must set our 
house in order against that time by putting into effect 
a protective tariff, and this I believe will be done at the 
coming election, notwithstanding the efforts already being 
made to becloud the real issue. (Applause.) When we 
last met six months ago, there were some indications of 
a revival of business, which have since been verified in 
full measure, and much, I think, beyond our expectations. | 
Our order-books are full for many months, and our pro- 
duction is inadequate to meet the demand. The near 
future, and I mean by that one year or more, seems to be 
assured. Let us then be thankful for this measure of 
prosperity, but with the same spirit of obedience to law 
and decent regard for our neighbors and the public 
shown during the many lean years and trying times of 
the past. (Applause.) 


Presipent Gary: Gentlemen, for your interest in and 
your loyalty to the Institute I thank you. You have 
established a high reputation in the business world. You 
are considerate of the interests of all others. Do not 
forget one another. Notwithstanding our sharp com- 
petition in business, remember, gentlemen, we are friends, 
we are affectionate friends. We like to help each other, 
and we should help each other in every possible way. 
This Institute is our home. We come together here trust- 
ing one another, loving one another, wishing the best 
prosperity to each other; and so long as we hold the feel- 
ings for each other which we now possess, we may be 
certain that the Institute will prosper. I bid you good- 
night. (Applause.) 
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